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foreword 


OF ALL THE SCIENCES, astronomy has perhaps the greatest 
popular appeal. There are two main reasons for this. First, it. 
forces itself upon the attention of everyone; who has not been 
struck by the beauty of a starlit sky? Secondly, it offers plenty of 
scope for the amateur student, who can make himself really 
useful to professional workers. It is true that amateur observers 
are less important than they used to be half a century ago, but 
there is still a great deal for them to do. 

Interest has grown still further since the direct exploration of 
space began in 1957. Within a decade, space-ships have stepped 
out of fantasy and into fact; few scientists now doubt that the 
Moon and some of the planets will be reached in the foreseeable 
future, though it should be remembered that true interplanetary 
flight is by no means the only aim of space research. Yet I do not 
believe that the remarkable surge of interest is due primarily to 
this cause. Astronomy has an appeal all its own, and would 
continue to do so even if rocketry had never been developed. 

In this book, I have tried to tell the story of astronomy from its 
dim beginnings up to the opening of the age of the direct explora¬ 
tion of space. My first recorded date is about 2000 b.c., when the 
Chaldaeans—or possibly the Cretans—divided the stars into con¬ 
stellations; my last is 1961, when the Russian space-ship Vostok 
orbited the Earth with a human passenger and Alan Shepard 
made his first flight into space. To give a full coverage of a 4000- 
year story in a single book is clearly impossible, but I have done 
my best to sort out the salient facts and write them down clearly 
and concisely, developing each theme as it arises. I hope that the 
result will interest at least some people; if not, the fault is mine 
alone—it cannot lie in the story itself. 

During the compilation of this book I have had help from a 
great many people. I am grateful to them all; their names will be 
found in the list of acknowledgments, and it is necessary to repeat 
it here, but I must stress that any errors or omissions are to be 
laid solely at my door. I must however make special mention of 
David Hardy*, the astronomer-artist who has been responsible for 
many of the color illustrations; neither must I omit to record my 
thanks to the publishers and to the printers, with whom I have 
worked closely throughout. 

I have niade no attempt to be technical. This is a book for 
amateurs, written by an amateur. If it persuades even a few people 
to make a hobby of astronomy, I will feel that it has been well 
worth writing. Few men can explore the heavens by rocket; 
everyone can help in exploring the skies by means of telescopes. 


East Grinstead 


PATRICK MOORE 
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GROUP OF NEBULAE IN LEO, pkoLO- 
4 graphed with the soo-inch Hale reflector at 
Palomar Observaiory 
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the sky above us 



THE ANDROMEDA SPIRAL. One of ike 
nearest of the external galaxies^ photographed 
with (he 200-uich Hale reflector at Palomar 
Observaiory. The two satellite galaxies are 
dearly shown 



POSITION OF THE ANDROMEDA 
SPIRAL. The Spiro I is just visible to the 
unaided eye on a dear night 


FAR AWAY [N SPACE, SO remote that it looks like nothing more 
than a misty patch of light, lies an object which astronomers know 
as the Great Spiral. It is just visible without optical aid when the 
sky is really dark, and a pair of field-glasses will show it clearly. 

The neighboring stars belong to the group or constellation 
known as Andromeda, and are members of our own stellar system. 
The Great Spiral is more distant than Andromeda; it is an inde¬ 
pendent star-system, and is so far away that its light, moving at 
186,000 miles per second, takes about two million years to reach 
the earth. When we look out into space, we also look backward 
in time; we are seeing the Spiral not as it is now, but as it used to 
be two million years ago. It is a vast system made up of more lhan 
100,000 million suns, many of which are a great deal larger and 
hotter than our own. 

Ideas of this kind are difficult to grasp, and it is tempting to 
regard the Earth as the most important body in the universe. 
Nothing could be further from the truth. Every star is a sun; 
astronomical distances have to be reckoned in millions of millions 
of miles, and the Earth proves to be utterly insignificant. 

The Earth is a typical planet^ travelling round the Sun and 
completing one journey in 365i days. Of the eight other planets 
which move round the Sun at various distances, four are smaller 
than our world, and the remaining four much larger. Jupiter, the 
largest planet, is big enough to contain over 1,300 globes the size 
of the Earth. It is not solid and rocky; it is made up of dense gas, 
so that life there appears to be out of the question. Whereas the 
Earth has a single satellite^ our familiar Moon, Jupiter has twelve. 

The Sun, like all the other stars, sends out a tremendous quan¬ 
tity of light and heat. The Moon and the planets, however, are 
not self-luminous, and shine only because they reflect the Sun’s 
rays. Seen from a distance of thousands of miles, the Earth would 
appear to shine in the same way. 

Together with other bodies of lesser importance, the Sun, planets 
and satellites make up the Solar System. This system represents only 
a very small pan of the universe, but is extremely large judged by 
everyday standards. The Aloon, the Earth’s nearest neighbor, is 
almost a quarter of a million miles away, while the distance of the 
Sun is 93 million miles. Pluto, the most remote of the nine planets 
in the Solar System, moves round the Sun at an average distance 
of well over 3,000 million miles. 

This may be shown by means of a scale. Let us represent the 
Sun by a globe 2 feet across. The F^arth will then be the size of 
a pea, placed at a distance of 2 15 feet; Jupiter will become a large 
orange at a distance of one-fifth of a mile, while Pluto will become 
a pin’s head more than 2 miles away from the model Sun. On this 
scale the nearest star, known to astronomers as Proxima Centauri, 
will be several thousands of miles off. If the 2-foot Sun is set down 
in the middle of England, Proxima will liave to be taken to Siberia 
or the United States in order to represent its distance correctly. 








PLANETS 


csiArirriK in miles 


M£AK DISTANCE 
THE SUN 

IN MILLIONS Of HItiS 


MERCURY 

3,000 

36 

VENUS 

7,700 

67 

EARTH 

7,926 

93 

MARS 

4,200 

141-5 

JUPITER 

89,000 

(Equatorial) 

63,000 

(Polar) 

463 

SATURN 

75,000 

(Equatorial) 

69,000 Ringi 
(Polar) 175,000 

686 

URANUS 

29,300 

1,783 

NEPTUNE 

17,700 

2,793 

PLUTO 

3,700 

3.666 

0 







^EGltENT OF THE SUN 

MILES IN DlAMETEK 


coNPAHATrvE SIZES OF THE SUN AND PLANETS. Thcf the Sm andpU^iSj drawn to the fiiTni: S{:ai£. 
Drctviftg by D* A. Hardy 

















the sky abeve us IS 



STAR-TRAILS- A limt-expGsiirg was madt 
with the cam^a pmnting at AorJlA 
Ctkstial PtiU; th^ stars s^m^d to mojje 
shw!jy (ii:f<tss thi shy, sa firadmmg trails. 
This appartnt moitment ^ thf sky is dar to 
ihg T^ai ratatioTi of ihf Earth an iSs axis. 
Photograph by Allan Lanham 



cRfON^ One af the most briiliant cansteUa- 
tians in the sky^ with two ftrsl-magnkude 
stars, Belelgeax and Piget 


All the bodies in the sky seem to move in an east-to-west 
directiorij giving the faUc impression that the Earth lies in the 
centre of the universe. This daily impression of movement has 
nothing to do viith the stars or planets, and is due entirely to the 
fact that the Earth is rotating on its axis from west to east. Tlie 
stars arc not fixed in space, as ancient peoples believed; they move 
in various directions at great speeds^ but are so far away that their 
individual motions cannot be detected except over long periods, 
and the patterns or coTLSteUations of stars seem to remain more or 
less unaltered. There is a good everyday comparison. A high-flying 
jet aircraft will seem to crawl across the sky, while a near-by bird 
will flash past quickly—yet in reality the jet is the faster of the tw^o. 

Tliough the stars arc sunSj they are not all alike. Some are 
hundreds of millions of miles in diameter, vfhiie others are no 
larger tlian the Earth; some arc cool and red, others white and 
extremely hot. Some of the stais brighten and fade over short 
periods; some prove to be made up of 'twim' so close together 
that to the unaided eye they appear as one; some are surrounded 
by clouds of gas, and some are spinning round so quickly that 
they are shaped more like eggs than billiard-balls- It is possible, 
too* that many of them may have planet-familics of their own, and 
that some of these planets arc inhabited- 

On a clear night it is possible to see about two thousand stars 
without the aid of a telescope, and the leading constellations are 
easy to find. Most people can identify the Great Bear, Orion and 
the Little Bear, while Australians and New Zealanders are just as 
familiar with the Ship and the Southern Cross. The powerful 
instruments used by modern astronomers show many additional 
stars, and it is now known that our stellar system or Galaxy con¬ 
tains about 100,000 million separate suns. Each star h using up 
energy as it shines, and tliere must come a time when the star will 
have used up all its supply of TueF, so that it will die. The Sun is 
no exception. It will last for thousands of millions of years yet, 
but it will not last for ever. 

The bright stars visible at night are members of the Galaxy 
in which the Sun and the Earth lie- The Great Spiral is much 
more remote; it too contains sung of all types, and is a system 
larger than ours. The w^orld^s most powerful telescope is capable 
of showing 1,0CK> million galaxies. 

Ancient peoples had little idea of the true nature of the universe. 
They had no telescopes^ and had to rely solely upon their eyes. 
Today, large instruments are used for astronomical re-search; 
the biggest telescope so far in use, the reflector at Palomar in 
California, collects its light by means of a mirror 200 inches in 
diameter, which acts as a giant *eyc\ Recently the Russians have 
begun the construction of an even larger telescope, with a 
236-inch mirror. 

If a stone h dropped into a calm pond, ripples will he formed. 
The distance from one crest to another is known as the wavelength, 
and there is a comparison here with light, which may be regarded 
as a w^ave-modon. The color of light depends upon its ’wave- 
length; red iighyt has a wavelength longer tiian that of blue, and 
so on. Radiation of still longer w^avelength cannot be seen at all| 
but it can be studied by means of special instruments known as 
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Tcdio Ukscoffts. The best-known of these radio telescopes is the 
British one at Jodreil Bank^ Manchesterp and takes the form of 
a wire dish af,o feet in diameter. It is used to collect radio waves 
coming from the depths of space^ and is capable of detecting 
waves from distant galaxies which are colliding with each other 
and sending out energy in the process. 

Radio astronomy is a young science^ while more recently there 
has been yet another development—rocket astronomy. Scientific 
imtrumrnU have been Sent above the Earth's atmosphere, and 
man-made vehicles have travelled to and around the Moon. In 
February ipSt the Russians launched a probe which passed 
within less than 100,000 miles of the planet Venus. This was 
followed by an even greater triumph—^thc first true space- flight 
by Major Yuri Gagarin; while from Cape Canaveral, Florida, 
Commander Alan Shepard made the pioneer space-flight by a 
Western astronaut. It is clear that man's direct exploration of the 
Solar System is well imder w^ay. 

Radio telescopes and space-rockets arc very modern, but astro¬ 
nomy itself is the oldest science in the world. Even the earliest 
men—the cave-dwellers of long ago^—must have looked up at the 
skies and wondered just what the stars were; it was natural to 
worship the Sun and Moon as gods, and equally natural to believe 
the Earth to be a flat plain in the exact centre of the universe. 
Less than 600 years ago it was still believed that the Earth must 
be the most important body of all^ and men who lived at the time 
of the Spanish Armada refused to believe that our world goes 
round the Sun. The apparent positions of the stars, and the 
movements of the planets in ihe sky, had been measured with 
great care, but their significance remained unknown. 

In 1609 Galileo Galileii an Italian Professor of Mathematics, 
first looked at the heavens dirough a telescope. It was he who 
first saw the moons of Jupiter, the craters of the Moon, and the 
thousands of faint stars wliich make up the Milky Way, His tele¬ 
scope was low-powered judged by modern standards* but during 
succeeding years better instrumenls were built^ and the first 
true observatories came into being. Since the time of Galileo and 
his primidvc telescope, astronomical knowledge has increased 
steadily. Men have found out the distances and sizes of the stars; 
they have studied the remote galaxies; they have analyzed the 
radio waves from space, and they are now makli:^ plans to travel 
to the Moon. 

It is impossible to understand and appreciate all this without 
some idea of what happened in past ages. The story of astronomy 
is more fascinating than any other branch of history, and by 
tracing its progress it is possible to gain a real understanding of 
the Earth, the stars and the universe itself* 




SCALE OF THE SOLAR SYSTEM, The 
distances qf the tmnms filanets from the Sun 
ate shown on this scale drawing 






THE HALE REFLECTOR. The 200-inch reflcctoT at PaiomaT Observatory, so far tkt iargest telescope in the world 
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TOTAL F.CLrPSE OF THE SUM, ID^9- 

Thi dymaing shf^ws mi tximsm prffminfnce 
whi£h was nkktiamid Antealer Promi^ 
nenc^\ It is stidom that a pramin^ie^ 9/ 
this is seen during a toiai 
iag by A. Hmdy 


PARTIAL ECLIPSE OF THE SUN, 
June fpp l(di JOm. Finm njt tfbsfnta- 
iimt made Patrick Aftmre^ using a ^inch 
refracioT^ X 100. Three sunspiits are shatmir 
Drawing by D. A. Hardy 


IT 13 IMPOSSIBLE to tdl just whcn astrcuomy be^an. The cave¬ 
men of thousands of years ago must have looked up into the sky 
and mar\xllcd at what they saw iherej so that in one sense they 
were ^observers^; they noticed unusual happenings, such as eclipses, 
and written records of man"$ findings and theories go back to the 
dawn of hi$tOfy^ 

Early races believed the Earth to be flat and stationary^ with 
the entire sky revolving round it once a day* The idea that the 
world is a globe nearly 8,000 miles in diameter* whirling round 
the Sun at a speed of some 66,000 m.p.h-, did not occur to them. 
Some of their old ideas sound strange to our cars. The Vedit 
priests of India believed the Earth to be supported upon twelve 
massive pillars; daring the hours of darkness the Sun passed 
underneath, somehow managing to pass between the pillars with¬ 
out hitting them^ Even more peculiar was the Hindu theory, 
according to which the Earth stood on the back of four elephants; 
the elephants in turn rested upon the shell of a huge tortoise, 
while the tortoise itself was supported by a serpent floating in a 
limitless ocean* 

Ancient man had to begin at the very beginning, and mistakes 
were inevitable, but at least useful ob$ervations could be made* 
and many of the early records have proved to be of tremendous 
value. Probably the first real students of the sky were the Chinese. 
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TOTAL ECLIPSE. OF THE , Febnmr^ 
fjj Tht im ^ sMmded 

iim£s Saiilfurn Eur^ipt. Tht eclipse b ';^ 
shown on B.E.C. t^iioisiQit from thrM sUidons 
in Europe in succession; Si. Michel (Fruiiee) ^ 
Flfjrence (lialj) and j\fowjt Jaslrehae (Jugo- 
siatHa). Piclures obtained from France and 
Italy mere good; eondiuons in Jugoslama, 
where the author was commeTiiitigj were 
a^ecUd by cloud. This photograph was taken 
of (he television screen during transmission 
from France 


THEPaV OF AH ECLIPSE OF THE SON, 

The Aloon's shadow just reaches as far as the 
Earth; a partiai eclipse is jffn to either side 
of the belt of tvtaiity 

[71^# fj Ji^ Id 


About 3000 B.G. they adopted a "year" of 365 days, which enabled 
them to work out a calendar. It mattered little to them whether 
the Sun went round the Earthy or the Earth went round the Sunj 
the 365-d ay year was correct in cither case. The Chinese Emperor's 
astronomers produced a reliable calendar^ and were also able to 
tell when eclipses were due* 

The Moon has no light of its own, and is a relatively small body 
only 2,160 miles in diameter. The Sun, with a diameter of 864,000 
miles, is $0 much farther away than the Moon that il appears 
almost exactly the same size in the sky^ and this U why 'solar 
eclipses" can take place. 

During its monthly journey round the Earthy the Moon must 
sometimes pass in front of the Sun. At such times the dark side of 
the Moon is turned towards ua, as shown in the diagram; and 
since this side does not shincj the Moon cannot be aeen. As it 
moves between the Earth and the Sun, blocking out a part of the 
Sun*s surface, a *bite" appears in the edge of the solar disk, and 
this bite becomes larger as the eclipse progresses. If the Moon 
completely covers the Sun, the eclipse is total, and the solar 
atmosphere dashes into view^ with startling eflect. Normally it is 
impos^ble to see this solar atmosphere with the unaided eye or 
with ordinary telescopes, since it is overpowered by the brilliance 
of the Sun itself When the Moon acts as a screen, however, the full 
spectacle becomes visible—the glorious pearly gas known as the 
carona^ as well as the red prominences which rise from the solar 
surface. No total eclipse lasts for more than about eight minutes. 
As soon 33 part of the Sun^s disk reappears, the protninencc$ and 
the corona are blotted out; the Moon moves steadily in its path, 
and the eclipse comes to an end. 

The Chinese had different ideas, and had no thought tliat the 
Moon could be concerned in any way. They heheved that a 
dragon was ttying to cat the Sun, and their remedy was to scare 
the beast away by making as much noise as possible. The whole 
population took part, shouting and wailing, and beating gongs 
and pans to add to the uproar. 

However* they did know that any eclipse is likely to be followed 
by another eighteen years eleven days later, and by reckoning 
according to this period—-the so-called Saras —they could avoid 
being taken unprepared. Now and again mistakes were made, and 
there is one famous story which relates how two luckless Court 
astronomers, Hsi and Ho, were executed because they had failed 
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to predict an eclipse. This may be nothing more than a legend, 
but in any case there can be no doubt that eclipse forecasts were 
being made by men who lived 4,000 years ago, 

A solar eclipse does not happen every month, because the 
Moon’s path or orbit is appreciably lilted, and in most cases the 
dark and therefore invisible Moon passes either above or below 
the Sun in the sky, so that no eclipse occurs. 

The Chinese did not confine their records to eclipses, riiey also 
recorded comets^ which they regarded as unlucky. It is now known 
that a comet is made up of comparatively small particles surrounded 
by an envelope of gas, and is compietcly harmless, but the spectacle 
of a brilliant comet with shining head and long tail was'enough 
to strike terror into the hearts of primitive peoples. 

The Chinese and other early observers, notably the Egyptians, 
were content to compile their records without troubling greatly 
about what the various phenomena meant. This was probably 
because the heavenly bodies were regarded as divine, and for 
many centuries it was impossible to separate astronomy from 




COMET AREND-ROLAND, 1957^ This 
was one qf the two naked-eye comets seen in 
1957; it was a fairly conspicuous object for 
some weeks during Aday^ when it was in the 
northern part of the sky. Photograph by F. jf. 
Acjield, Forest Hall Observatory^ Aforthurn’ 
her land 


VENUS AND Halley’s comet, 1910 , 
When this photograph was taken^ the comet 
was almost at its brightest^ but Venus is 
necessarily over-exposed. Halley^s Comet will 
next be brilliant in 19II6. Photograph by 
//, E. Woody Union Observatory^ Johannes- 
hurg 
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INCLINATION OF THE EARTH^SAXT^. 
Th^ eqtiittor is imlinsd J degrees Oie 
plane of the Earth^s orbit 



A^^ARENT MOVEMENT OF THE 
NORTH CELESTIAL POLE. The sH^ing 
is due fii firteessim ejkk^ ar ihe slow mooe-^ 
metfi in iht directiiffi the Earih^s axis. In 
ancmt times the PgU Star was T^^cin in 
Draco; at presmt tf is Polaris in Ursa Minor; 

the )var A.n. l^^xm the northern polar star 
will be the brilliatit Vega^ in Lyra 


astrohgjp —the superstition of the stars. Even today such confusion 
h not nneommonj but there k no excuse for it. Astronomy is an 
exact science, whereas astrolo^ is of no value to anybody. 

The stara appear to keep to the same patterns in the skyi while 
the much nearer Sun, Moon and the planets appear to wander 
slowly about. Yet the "wandeTers" do not move irregularly; they 
keep to a definite belt in the sky, known as the Zodiac. According 
to astrologers, a personas character and destiny arc aRccted by the 
positions of the Sun and other bodies of the Solar System at the 
time of birth. ITie whole idea is completely baseless, but only 
during the past two or three centuries has astrology been finally 
discredited. Until then it was regarded as more important than 
true astronomy. 

Apart from recording startling events such as eclipses and 
comets, as well as drawing up a workable calendar, the Chinese 
made little progress astronomieally. The Egyptians, however, 
proved to be extremely skilful at measuring the apparent positions 
of the stars, and they ^lined up’ their famous Great Pyramid in 
accordance with what was then the North Pole of the sky. This 
again is important, because it has given an excellent clue to the 
age of the ^ramid itself. 

The Earth's axis of rotation is tilted at an angle of 3^1 
degrees to the perpendicular. At the present moment the axis 
points northward to a position close to the bright star Polaris, 
which is therefore our Pole Star* When the Pyramid was built, 
the pole of the sky was in a different position, and the Pole Star of 
those days was a much fainter object—Thu ban in the constellation 
of the Dragon. The Earth is not a perfect sphere; it is slightly 
flattened, so that the equatorial zone bulges out, and the diameter 
measured through the poles is miles shorter than the diameter 
measured through the equator* The Sun, Moon and other bodies 
exert a pull on this bulge, and the result is that the Rarthk axis 
seems to wobble very slowly, in the manner of a top which is 
about to fallp This cau^s an effect known as precession* The polar 
point describes a circle in the sky, and has shifted considerably 
since the time when the Great Pyramid was set up* 

Astronomy .was developing. The stars were divided into de¬ 
finite constellations; observations began in other countries, and 
calendars were improved. Then, about 600 yeai^ before Christ, 
eame the Greeks —and with them a revolution in scientific 
knowledge. 


AN ECLIPSE OF THE MOON^ tH f OUT Stages. Dr&wings D, A* Hard^^ 
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THREE PHOTOGRAPHS OF AN 
ECLIPSE OF THE MOON. It is cdsy to see 
that the Earth's shadow on the lunar surface 
is curved 


THALES, FIRST OF THE great Greek astronomers, was born 
about the year 624 b.c. Like the Chinese and the Egyptians, he 
studied the stars, but he went further, and tried to explain what he 
saw. He may have realized that the Earth is a globe, though since 
all his original writings have been lost it is impossible to be certain. 

The first definite arguments against the traditional flat-earth 
theory were advanced by Aristotle, who lived from about 384 to 
325 B.c. 

As Aristotle pointed out, the stars appear to alter in height 
above the horizon according to the observer’s position on the 
Earth. From Greece, the Pole Star appears high above the horizon, 
because Greece is well to the north of the Earth’s equator; from 
Egypt, the Pole Star is lower down, and from southern latitudes 
it can never be seen at all, since it never rises. On the other hand 
Canopus, a brilliant yellowish star in the southern part of the sky, 
can be seen from Egypt but not from Greece. This is easy to 
explain on the assumption that the Earth is a globe, but cannot 
be accounted for by supposing the Earth to be flat. Aristotle also 
noticed that during a lunar eclipse, when the Earth’s shadow falls 
across the Moon, the edge of the shadow is curved—showing that 
the surface of the Earth must also be curved. 

The records left by Thales, Aristotle and others were kept in a 
large library at Alexandria, in Egypt. Unfortunately this library 
was later destroyed—a loss which can never be made good. For 
many years the library was in the charge of Eratosthenes of Gyrene, 
a great scientist in his own right, who has earned his place in 
history as being the first man to measure the size of the Earth. 
From one of the books in the library he learned that at the time 
of the Summer Solstice—the ‘longest day’ in northern latitudes— 
the Sun was directly overhead as seen from the town of Syene 
(the modern Aswan), some way up the Nile, so that at noon the 
solar rays would shine directly into a well without casting a 
shadow. At this moment, however, the Sun was not overhead at 
Alexandria; it was 7 degrees away from the zenith or overhead 
point. A full circle contains 360 degrees, and 7 is about one-fiftieth 
of 360, so that if the Earth is a globe its circumference must be 
50 times the distance from Alexandria to Syene. Eratosthenes 
measured this distance, and worked out that the distance right 
round the Earth must be about 24,850 miles. There is some 
uncertainty about this result, as his figures were calculated not in 
miles but in ‘stadia’, and the precise length of one stadion is not 
known; but his figure for the Earth’s circumference seems to have 
been correct to within less than 100 miles. 

The Greeks knew that the world is spherical, and they had an 
excellent idea of its size, but they found it difficult to believe that 
the Earth could be anything but the centre of the universe. This 
was a serious barrier to further progress. Even Aristotle was certain 
that the whole sky moves round the Earth. One or two astronomers 
—notably Aristarchus, who lived from about 310 to 230 b.c.— 
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ERATOSTHENES^ METHOD OF MEA- 
SORING THE SIZE OF THE BAMTH.^4^ 

noon, ai the time of ihe summer solstke^ the Sun 
was uerlkai at Sjene, but fwt at Alejcmdria. 
Eratiiithejics meomred ihi Suites altitude at 
thk ^ from Alexandrkij aj 7 

degrees away from the i/miihy and was thus 
able to measure the circwFn/freFurf of the Earth 
with remarkable aecuragf. It is signijkanl 
that ike t^ue whkh he gave was more correct 
than that used many f^n^uriu later by 
Chrisioffher on his voyage of 

discovery to the J^^em Worldj whkh is a 
remarkable tribute to Eratosthenes* theoretkai 
and practical skill 



THE I'TDLEMAIC THRORV. AcCOftdtng tO 
Ptolemy^ a planet moved in a small circle or 
epicycle, while the centre tf this circle {the 
defcTcnt) itself mooed round ihe Earth in a 
perfect circle. This systm was not invented 
by Ptolemy, hut its greatest development was 
due to him^ Ptolemy^who was an excellent 
maihemalkian—realized that Ihis compara^ 
tivety simple arrangement wosdd Jio^ explain 
the actual mavmenls of ihe planets in the sky, 
and he compelled introduce extra 
epi^les, thus making the whole ^tem 
clum.^ md unwieldy, Howeuert the Ptolemaic 
theojy was almost untoersally accepted by 
scientists up to the lime ofCopemkus 



had the courage to suggest that th^ Earth revolves round the Suti^ 
but such ideas were highly unpopular, and the last two important 
astronomers of ancient times, Hipparchus and Ptolemy* kept 
firmly to the older theory* 

Hipparchus lived alxiut 150 b,c- Details of his life are unknown, 
but it is ob’vious that he was a man of great ability, and he drew 
up an important and remarkably accurate star catalogue* It was 
Hipparchus, too, who discovered prccessioa* the apparent move¬ 
ment of the cele-stial pole; and he worked out the distances of the 
Sun and Moon more eorreedy than had been done before, though 
the valuer which he gave were still much too small. 

Claudius Ptolcmarus, better known as Ptolemy, lived m 
Alexandria. As with Hipparchus* nothing is known about his 
career or personality, but science owes him a great debt. He pro¬ 
duced a book in whith he gave not only his own results* but also 
those of the astronomers who had come before him, and it is this 
book which -has provided modem scholars with much of their 
information about ancient science* It has reached us by way of 
it^ Arab txamladon, and is generally referred to by its Arab name 
of the Almagest, or ^greatest*. 

Ptolemy was an excellent observer and mathematician, and he 
undertook a thorough revision of Hipparchus^ star catalogue. He 
also investigated the movements of the bodies of the Solar System* 
and concluded that the Eardi lay in the centre, with the whole 
heavens moving round it. The Moon was the nearest object in 
the skyl then came the planets Mercury and Venus, then the Sun. 
and then the more remote planets Mars, Jupiter and Saturn, 
beyond which lay the stars* This arrangement is termed the 
Ptolemaic System* although Ptolemy himself wais not the first to 
describe it. 










the 6reek utmiiomen 


THE HNJVEItSE^ ACCORDIMH TO 

TTOLEMV, Prom an &ld prints i6co. The 
arrangrment of iht ^tUsiiai bodies according 
i& the Pioiemak is dtarljy jhown^ 

Ihoagh tiu aflempi has becfi made to make the 
distances eueti approximately corrccL Moia- 
eveft Ptolemy realized that the actual motionj 
of the plumis must be complex; as we hazv 
semt he was compelled (o introduce numerous 
epkyehs in an attempt to reach agreement 
with the observational data. 



*HEVOLVISO TAOLE^ FOE ESTlfcrtAT- 
JNO THE POSITIONS OF THE j^DDIA- 
CAL CONSTELLATIONS BETWEEN 
7000 B.C. AND A.D. 7000. Puhluhed 
in the famous hook Astronomir.um 
C4Mareum Apian {Ingoistadt^ ^54^}- 
The apparent mot/ements of the stars are of 
coarse affected hy the shifting cf the celestial 
pole due to precessiati^ so that conditions laere 
not precisely the same in Apian^s time as they 
had been in Pkdemy^s. IVf even in 
Ptolemaic theory of the tmiverse was still 
generally accepted^ and few sdentisis even 
ctmsidered queslioniag it 



The movements of the planets caused him a great deal of difS- 
cuUy. It had alwaya been supposed that the orbits of the heavenly 
bodies must be circulars since a circle was regarded as the "'perfect' 
rorm. and nothing short of perfection could be allowed in the sky. 
This was Ptolemy’s \ieW| but he realized that the observed motions 
of the planets could not be c?LpLaIned by the theory that they 
simply turned round the Earth m circular paths. Consequently 
Ptolemy worked out a system according to which each body 
moved in a small circle or epicycle, the centre of which itself moved 
round the Earth in a perfect circle. Even this would not suffice^ 
and more and more epicycles were introdnecdj until the whole 
system became hopelessly clumsy and ardhciaL 

Ptolemy never solved diis problem^ and after his deaths about 
A.D. iBOj the science of astronomy came aJmost to a standstill. 
Greece was no longer powerful;^ and the Roman Empire was 
crumbling! the Dark Ages came to Europe^ and much of the old 
learning was forgotten. Many of the bcKsks in the Alexandrian 
Library were destroyed, and the remainder scattered* It is true 
that in Central America the people known as tlie Maya were 
making observations and working out an accurate calendar—^but 
there was no communication between the Old and the New 
Worlds, and progress In European astronomy was halted. 

CenturicB passed. Then^ slowly and painfully^ astronomy was 
reborn—not for it5 own sake, but because of astrology. To make 
their predictions, the astrologers had to leam about the movements 
of the planets* and this knowledge could be gained only by careful 
observation. Tlie iVrabs ttjok the Icad^ and some of their star 
catalogues were better than Ptolemy's, Then, as the peoples of 
Europe galliercd into definite nations^ the stage was set for the 
next phase in the history of astronomy. 
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ARABIAN ASTROLABE. Thisastrolabt^U 
tjtpkai txampUj was maS in iQi4 ty 
Aiuslqfa 



DIAGRAM TO SHOW THE USE OF AN 

ASTROLABE* Tib DA is 
and iht star S pj sighud along th^ dirfciian 
FCBS; the ahservfr^j ^ is shamn behind P\ 
The ahiiiidt qf the star is then read off on the 
seal^, Ifi this €ase, the altitude amounts ta 
JO degrees 


THf^ ROMANS, w^no RULED much of the civilized world for so 
many ccnturic^ij did Very UtUc for astronomy* They did not share 
the Greek love of learning, and were concerned only with practical 
affairs. 

One matter which did seem worth troubling about was the 
Slate of the calendar. The true ‘year\ or lime taken for the Harlh 
lo go once round the Sun^ is nol exactly 365 days, but mure nearly 
3 ^ 51 . 50 that to draw up a calendar which will not become out of 
slep with the seasons is not as easy as it might appear. Julius 
Csesar realized this, and inslructed a Greek astronomer, Sosigenes^ 
to Ibrm a more accurate calendar. Sosigenes did liis work well; 
for instance he invented leap year\ which took care of the extra 
quarter-day in ihe Tarlh’s period of revolution* The 'Julian 
calendar" was not perfect^ and has been further improved since, but 
it was quite good enough to satisfy the Romans, 

In many ways it is unfortunate that scientific progress came to a 
halt for a long time after the death of Ptolemy about a,d, iRo* 
It is even more unfortunate that so many of the old books were 
lo$tp However^ $omc survivedj and one of these w'as Ptolemy"s 
Atnmiest^ which reached Baghdad, capital of the caliphs, in the 
eighth century* It was translated into ArabiCj along with various 
other volumes, and serious astronomy began once more. 

The Arabs themselves proved to be skilful observers, and 
founded astronomical renircs at Damascus and Baghdad. They 
set up scientific equipment for measuring the positions of the stars, 
and one Caliph, A 1 Mamon—son DfKarun al-RashId, of 
J/ights fame—built a fine obser\^atory* It was quite unlike a 
modem observatory, since tcl^opcs still lay far in the future, 
bul it contained an excellent library. By the time A 1 Mamnn died, 
in A*D, 833^ Baghdad had become the *astrononucal^ capital of 
Europe. 

Probably the most famous astminonicr of the Baghdad sthaol 
vk^as jM-Baltani, who was bora about the middle of the ninth cen- 
tur\\ He was a particularly good mathrmatician, and made 
observations which compared favorably with those of Hipparchus 
and Ptolemy* AI-Battani also wrote an importani book, the 
English title of which may be given as The Afmements qf the Stars, 

Another skilful Arab astronomer was Al-Sfifi, who lived from 
903 to 986. He, too, wrote a book— Uranographia, in which he 
dealt largely vrilh the apparent brilliancies of the stars. This is an 
important matter, and is worth describing in a little more detail. 

The stars axe graded into classes or * magnitudes’ nf apparent 
brightncia. Tlic scale may seem confusing, since the brightest 
stars have the smallest magnitudes; thus a star nf magnitude 1 
outshines a star of magnitude 3* and so on. The lain test stars 
visible lo the naked eye, under ordinary conditions, are of magni¬ 
tude 6, The scale may be compared with a golfer's handicap; the 
lower the handicap, the better the golfer* 

Rigel in Orion Is very briJlianq and on the modern scale its 
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VENUS 


SIRIUS (brrghtcit star) 
VEGA 
A NT A RES 
POLE ^AR 


Fai-ntest star visibje 
to tbe naked ejre 


- I 

- 1 


-14 



Falncesi star to be 
recorded from Palpmar 


gTAR M AGNiTtiDESx Hif magmtudfs ar^ 
shoii^ here as disks^ though Ike stars them^ 
seines appear Onij as painis qf U^ht 



magnittjdt h reckoned iis or only one-tentK fainter than 
zero. The four brightest stars in the sky (Sirius, Canopus, Alpha 
Ccntauri and Arctunis) have negative magnitudes, that of Sirius 
being minus 14. On the same scale^ the Sun has a magnitude of 
minus 

Nowadays it is possible lo measure star magnitudes very 
accurately, and the world’s largest tclrsoopcs can record objects 
of below magnitude plus 20. Al-Sufi had to make his estimates 
simply by using his cyeSj but most nf hi$ values agree well with 
those of today. On the other hand Uiere are some interesting 
differences. He ranked Alhena, a star in the constellation of 
Gemini (the Twins) as of the third magnitudej but it is now 
brighter than the second, and there are other similar cas^ in 
which stai^ have apparently brightened up or faded away. It is 
difficult to be sure whether these changes are real, nr arc due to 
mistakes by Al-Sufi and other observers of his timej, but we do at 
least know that some of the stars are variable in' brilliancy—and 
we must not be too quick to accuse Al-Sufi of inaccuracy. 

Many of the star names now in use are due to the Arabs* A 
typical example is Aldebaran, in the Bullp which means 'the 
follow^ing', since Aldebaran seems to follow^ the famous star-cluster 
of the Pleiades or Seven Sisters. j'VsEronomical terms such as 
'zenitli’ (the overhead point of the sky) arc also Arabic in origin. 

The Arabs did not LonJine themselves to measuring star posi¬ 
tions and magnitudes. They carried out many other observations, 
and were particularly interested in eclipses. They also studied 
the movements of the Moon and planets* In this connection men¬ 
tion should be made of King Alphonso X of Castile, who called a 
number of Jewish and Arab astronomers to Toledo, and was 
responsible for the publication of the famous Aiphonsine TaMes, 
vvhich contained data for planelar)-^ positions and the forecasting 
of eclipses, and which were used throughout Europe for the 
follovvlng 3m years. 

The Mongol prince Ulugh Bcighj grandson of the Oriental 
conqueror Timur (more generally known as Tamerlane) also has 
his place in the history of astronomy^ Ulugh Strigh founded a 
magnificent observatory at his capital of Samarkand, equipped 
with instruments which were the best of their day. Unfortunately 
for himj he was a firm bclicyrr in astrology', and Uiis led to his 
death. He cast the horoscope of his eldest son, Abdallatifs and 
found to his alarm that the bny w^as destined to kilt him. He 
therefore dismissed his son from Court and sent him into exile, 
Abdalbtif had no wish to be set asidej and rebelled, finally 
murdering Ulugh Bclgb and becoming king in his plaec. 

The murder of Ulugh Beigh put an end to the Arab school of 


ULUOH DEion MEMORIAL, TAtj mnn- 
orial ftoa? stands Samarkand^ the site of 
illiigh Heights aid observatory 
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OEK1NE, THE TWINS, According to 
AiSofi md &th£rs 0/ his iimc^ Castor ustd to 
be brighter than Polltix, but it is now hay a 
magnitudeJointer. Aihemij on the &iher Ajanrf, 
is now a magnitude brighter than as gii^n 
by AlSuji 
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FtiASEs OF THE modn. The MooTi hos 
JM light cj its and depends on rejiecting 
the raj^j of the so that half of it is 
iuminotis while the other half is dark. When 
the Mom has its dark face turned towards aj* 
so that it is almost between the Earth and the 
Sun^ life cannot see it at all^ and this is what 
the astronomer terms ^JVW {If the 

three bodies are es;ae{ly lined up^ the result »• 
m ectipse of ttie SuUj but owing to the tilt of 
the lunar orbit this does not happen at every 
J^^'ew Mum.) Irt the diagram^ pl'ew Muon is 
shown in position I. At other times the Mmn 
skms as a half (positions 5 and 7)^ three- 
quarter shape y, ff), mdfull (5), 


astronomy, but by this lime the old wish to leam had revived m 
Europe and observatoric!s were set up in various places, 'hhe first 
was established at NUrnbergj in Germany* by Johann Mia Her* who 
ia be tier known by his latinized name of Regiomontanus. With 
lus tutor, George von Feuerbach (Purbach) he revised the old 
Aiphonsine Tables, and after Purbach's death he joined with his 
own pupil* Bernard Walther, to introduce new and better methods 
of observation. Printing had now been invented, and Regiomon¬ 
tanus set up his own press* so that he could publish itstronomical 
information for the use of others. He continued to do so up to the 
lime of his death in 1476, 

Mention must also be made of*the universal genius"—Leonardo 
da Vinci* who lived from 145^ to 1519. Leonardo was one of the 
greatest painters the world has known* and he was also a brilliant 
scientist. He was not a true astronomer, but he made one discovery 
which cleared up an old myslery. This concerned the Moon, 

The cause of the Moon’s phases, or apparent changes of shape 
each month from new to fulb was not in the least mysterious. 
More puzzling was the fact that when the Moon shows as a 
crescent, the ‘dark" portion can often be seen shining faintly* 
and giving the appearance known popularly as *thc Old Moon 
in the Young Moon’s arms'. Leonardo realized that this must 
be due to light reflected from the Earth on to the Moon, Earth- 
shine is in fact nearly always seen whenever the crescent moon 
shines down from a clear* dark sky. 

Alt this work, carried on in countries all over Europe* showed 
that astronomy had really Voken up'. For instance star cata¬ 
logues had been greatly improved* and careful observation had 
made it possible for astronomers to predict the positions of the 
planets for years in advance. 

The main handicap to progress was the false theory that the 
Earth must He in the centre of the nnivcrsCi with all the other 
heavenly bodies moving round it iit circular orbits. Astronomers 
had followed Ptolemy rather than Aristarchus* and so iliclr ideas 
about the design of the universe were completely wrong* 

A few scirnUsb^ had their doubts. One was Nikolaus Krebs, the 
son of a German wine-grower* who was born in 1401 and died in 
1464. His boyhcMd was unhappy; he ran away from home, and 
studied first at Heidelberg and then in Italy, becoming a well- 
known scholar and mathematician. He entered the Churchy and 
became a Cardinal; he is often known as ‘Nicholas of Gusa"* since 
he was bom at Cues on the Moselle, Krebs urged alterations in the 
calendar* and in a famous book called De Docta Ignarantia he sug¬ 
gested that after all* the Earth might not be lying at rest In the 
centre of ihe universe. 

Not many aslronomers of the lime paid any attention to him* 
and for half a century after his death nothing more was heard of 
the theory of the bnovltig Eardi’. The next step—the realization 
dial our own world is not* after all* an important body—was one 
which mankind found very' liard to lake. 




Delhi Observatory 


Thest photographs show one of iho greaUsi obsermtoriei of 
prt-iel^copic times, erected at Delhi in India. The right-hand 
picture shows part of tfu hiiildiftg, and a general mew of the 
ohsewaiojy is given below. An observatory this kind 

was, of course, very di^ererrt from a modem astronomical 
obseroatoiy; all bcw-A had to be carried out with ^ naked ^ 
onfyy and tc'iiJ therefore limited largely to positional measure¬ 
ments, Sme of the measures made werej neoertheless, of 
surprising accuraty. The Delhi Observatoiy contained instru- 
merits which were capable ^ yieiding mry mlmble results* 
Photographs by W. T 0*Dea 


5 the design of the universe 



DELHI OBSERVATORY, Aft iftifTWrmeiL\ 

Photograph bj ff. T. O'Bfa 



SINCE ORKKK TIMES, when scientists such as Ptolemy had re¬ 
jected the idea that the Earth might move round the Sun, the 
development of astronomy had been held up. Aristarchus, who 
had hit upon the truth, had met with no support; neither did 
Nikolaus Krebs many centuries later. The man who altered all 
this, and finally changed our ideas about the uni verse ^ was a 
Polish cleric named Nicolaus Koppernigk, better known to us as 
Copernicus. 

Copemkus w^as born at Thom, on the River Vistula, in 1473. 
He studied at Cracow University, and then in Italy. Later he w^ent 
back to his own country, and became Canon of Frauen berg in 
Ermland. In addition to his work for the Church he practised 
medicines but his main interests were astronomical. Yet he was by 
no means a man who spent hour after hour looking at the stars. 
He was a theorist first and foremost, and he was concerned mainly 
with the design of the Solar System. 

Early in his life he became very doubtful whether Ptolemy's 
system could be correct. The main trouble^ as he saw it, was that 
the theory w^as so complicated. To account for the observed 
movements of the planets in the sky it had been necessary to add 
large numbers of small circles, or epicycles, until the scheme had 
become clumsy and artificial. In science, a simple and straight¬ 
forward theory is generally more accurate than a cumbersome 
one, and Copernicus looked for some way of avoiding the com¬ 
plications which Ptolemy and his followers had been forced to 
introduce. 

In one w'ay Copernicus was better off than Ptolemy; he could 
make use of more accurate measures of the planetary movements, 
and he could be sure that these measures were not greatly in 
error. Finally he came to the conchision that there was only one 
soludon, the Earth must no longer be regarded as the centre of 
the universe. If it w^ere assumed that the Earth, together with the 
other planets^ moved round the Sun, then many of the complica¬ 
tions would be removed at one stroke. 

Today, we are so used to thinking of the Sun as the most 
important body in the Solar System that we find it hard to con- 
sidcr any other idea. Yet Copernicus knew that he was taking a 
bold step. He w^as saying that the astronomy then being taught in 
ail schools and universities was utterly wrong. VVoinc stilb he faced 
opposition from the Roman Catholic Church, which would cer¬ 
tainly object to the idea that our world was not of supreme 
importance. Copernicus was himself a priest; and tJiough he had 
worked out his theory by 1533, and written it down in a book 
which he called De R^velutionihu^ Orbium Cmlimliam ("Concerning 
the Revolutions of the Cclcstiai bodies*), he did not feel inclined 
to publish it. 

ARMILLARV SEttERE, 

ciTciesi iht is clearfy shown. From 

old print 
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RILTRnORADE MOVEMENT OF MARS, 

The ^ppaTt7ii paih of Mars in ^ky is ^k'en 

at the top of ih^ dingmut^ nnd ih£ iiciual rda^ 
five positions of thtf Enrlh nnd A^ars ai thf 
botlomr It wiil be sgen that hfiwten positions 
and G the Earth catches up Mars and passes ii, 
so that for this period Alars seems to insjtjj in a 
retrograde or backward direclim among the 
stars. Behavior of this sort was very dijffcuU 
((? expUin on the old theory according to which 
the Sun mvied round the Earth, and one 
of the why Ptolemy was forced to add 

further epicycles. Of the planets known in 
ancient times^ Jupiter and Satarn bchaae tn 
similar fashion^ but the effects arc less obmous 
because both these planets arc so rntich farther 
away from the Sun, and their apparent move¬ 
ments in the are slower 


1[ h imporiant hert' Lti rcinsidcr thf: a^pparmL movrmrnts of 
thcr planets^ since tliis was the basis of all Copernicus’ work. A 
planet does not move steadily among the stars in a straight line; 
it may someLimes seem to stand still for a few days, and then 
move "backwards" fur a short period before resuming its west-tci- 
east journey. This apparent backward motion is known as 
retrograding. 

Mercury and Venus have their own way of behavingj since they 
are closer to the Sun than we are—and even on Ptolemy"s system 
they were assumed to he the closest bodies in the sky apart from 
the Moon, The remaining bright planets. Mars, Jupiter and 
Saturn, are more remote. Mars is shown in the diagram, but the 
same arguments apply to Jupiter and Saturn (as well as to Uranus, 
Neptune and Pluto, which were of course unknown in Copernicus' 
time). 

For most of the time Mars seems to move from west to east 
among the stars, though the shift U so slow that it can be detected 
only over periods of hours. VVe now knosv that it is moving round 
the Sun in a larger orbit than that of the Earth, and also that it is 
travelling more slowly—only t^ miles per second, as against 
iS| mdes per second for our own w^orld. In the diagram wc begin 
with the Earth at position i and Mars at position i. By the time 
the Earth has moved to Mars has reached 3 , and 50 on. Wc can 
see that in positions 4 and 5, Mars Is apparendy moving across 
the sky in a retrograde direction, though in fact its real motion 
round the Sun is unaltered. In positions 6 and 7, the usual west- 
10-east movement has been resumed. 

A planet which seems to perform a slow "hiop’ in the sky w^as 
very^ hard to explain On Plolemy’'s theory, and this was one of the 
reasons why Copernicus rejected the Earth-centred scheme. 

Mars is w^ell seen only at intervals separatedj on an average, by 
780 days (the interv-'al is not quite constant). At such times the 
Earth is almost directly between Mars and the Sun. Mars there¬ 
fore appears opposite to the Sun in the sky, and is said to be at 
oppasiiiorij as shown in the diagram on page 33. 

Again %vc begin with the Earth at Ei and Mars at Mj— the 
time of opposition^ A year later, the Earth has completed one 
journey, and is back at Ei; but Mars, moving more slowly and 
having fai ther to go, has not made a full circuit, and is in position 
The Earth has to *catch it uip\ and does so when the positions 
of the two bodies are Ek and M3 respectively, so that there is an¬ 
other opposition* The interv'al between successive oppositions is 
known as the planet"s synodic period. When the planet is on the far 
side of the ^iun, it is said to be in conjunction, and is above the 
horizon only during the hours of daylight. 

It must not be supposed that Copernicus solved all the pro¬ 
blems and drew up a really accurate plan of the Solar System* 
He certainly took the great step of plaring the Sun in the centre^ 
but he still believed that the orbits of tlic planets (including the 
Earth) must be circular; a circle was the ^perfect' form^ and 
surely nothing short of perfection could be allowed in the heavens? 
This led to new difficulties, and Copemieus was forced to bring 
bark epicycles to account for the observed motions of the planets* 
in fact, he was falling back into the trap which he had tried so 
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PAGE FROM COPERNICUS* GREAT 
BOOK, A reprint of a typical page from the 
Dc Revolutionibus Orbium Coelcstium 
of Coperniods, published in 1^43 


OPPOSITIONS OF MARS, When the Earth is at Ei and Mars 
Mi, the Sun, the Earth and Mars are in almost a straight line; 
Mars is opposite to the Sun in the sky, and is at opposition, A 
year later the Earth has returned to Ei; but Mars^ moving more 
slowly in a larger orbit, has not completed a full revolution, and 
lies at M2, so that it ij unfavorably placed for observation. An¬ 
other opposition does not occur until the Earth has ^caught Mars 
up\ when the Earth will be at Es and Mats at M3, This is why 
oppositions of Mars occur only at intervals of about ySo days 
[the synodic period of Mars) 


hard to avoid. He finally reached a scheme according to which 
the Solar System was made up of a central Sun and six planets 
moving round it in circular pathSj with the Moon going round the 
Earth and with the fixed stars beyond the orbit of the most 
distant planet, Saturn. 

Copernicus* book was ready, but remained unpublished, simply 
because he knew that it was certain to arouse violent criticism 
from the Church, Many people were aware of its existence, 
however, and tried hard to make its author give it to the world. 
Even the Archbishop of Capua, Cardinal von Schonberg, wanted 
it to be published. Georg Rheticus, at one time Professor of 
Mathematics at Wittenberg in Germany, was also highly inter¬ 
ested, and went to Frauenberg to hear about the new theory. He 
was forty years younger than Copernicus, and became his pupil, 
staying at Frauenberg for two years. It appears to have been 
largely because of Rhaeticus* urging that Copernicus at last agreed 
to publish the complete book. Wisely he added a dedication 
to the Pope, Paul III, and Rhseticus took the manuscript to 
Nurnberg to have it printed. 

In 1543 De Revolutionibus appeared, though the publisher, 
Osiander, had added an announcement to the effect that the Sun- 
centred theory was merely ‘a mathematical fiction^ which would 
be convenient for use in predicting the positions of the planets. 
Copernicus had not agreed to any such thing, but by now he was 
an old man, and seriously ill. In fact it is said, probably with 
truth, that the first printed copies of his great work reached him 
only a few hours before he died. 

It is only too likely that had he lived, Copernicus would have 
found himself in serious trouble with the Church. This was what 
he had always feared, and his alarm was well-founded. At first only 
Rhieticus and his friend Erasmus Rcinhold, also a Professor of 
Mathematics in Wittenberg University, dared to come out in 
open support of the new theory. The Roman Catholic authorities 
were strongly against it, though the real storm did not break until 
over half a century after Copernicus* death. 

We must admit that Copernicus realized only part of the truth; 
he made many mistakes, and parts of his book were unsound. 
Yet he had found the essential clue, and for this reason alone he 
must be regarded as one of the greatest men in the history of 
astronomy. 


6 the story of Tycho Brahe 



TYCHO BRAHE, the gr£at Danish 
observational astronomer 



TYCHO Brahe’s q^uadrant. With 
instruments of this kind^ all built by himself^ 
Tycho drew up his remarkably accurate star 
catalogue 


THREE YEARS AFTER the death of Copemicus and the publica¬ 
tion of De Revolutionibus^ a boy of very dilferent character was 
born in Denmark. His name was Tycho Brahe, and in every way 
he was unlike Copernicus—except that he had the same love of 
astronomy, and the same urge to find out more about the celestial 
bodies, 

Tycho’s father, Otto Brahe, was of Swedish descent, though his 
family had lived in Denmark for some time. He was of noble birth, 
and held the post of Governor of Helsingborg Castle. His brother 
George was wealthy and childless, and Otto made a strange 
agreement that he w'ould hand over his first-born son so that the 
boy could have an expensive education. When Tycho was born, 
Otto Brahe apparently regretted having agreed to give him up, 
and after a family dispute George took the baby away without 
permission. For a time the quarrels went on, but eventually they 
were patched up, and Tycho remained in the care of his uncle. 

At the age of thirteen Tycho was sent to the University of 
Copenhagen. His uncle wanted him to become a statesman, but 
Tycho was not enthusiastic. Not long after reaching Copenhagen 
he w^atched a partial eclipse of the Sun, and this turned his atten¬ 
tion to astronomy. He managed to obtain a copy of Ptolemy’s 
Almagest^ and within a year or so had managed to understand 
nearly all of it—^even though he was still only a boy, and had not 
had much tuition in mathematics and science. 

George Brahe was displeased, and sent Tycho away from 
Denmark, entering him at the German University of Leipzig. 
With him went a tutor, Vcdel, who was given orders to sec that 
Tycho gave up astronomy and returned to studies of statecraft. 
However, Tycho was not easily influenced, and he continued to 
work on astronomical theories. When he was seventeen he re¬ 
calculated the apparent position of the planets in the sky, and 
found that the official tables of planetary movements were 
seriously wrong. At once he began making observations for 
himself, Vedel gave up trying to lead him back to statecraft, and 
about this time George Brahe died, so that Tycho was left to 
follow the career which he had chosen. 

From Leipzig he went to the university at Rostock, and stayed 
there for some years. He was learning more about astronomy as he 
grew to manhood, but he was also convinced of the truth of 
astrology, and remained so to the end of his life. One curious story 
dates from 1566, when there occurred an eclipse of the Moon. 
Tycho watched it, and then announced that it foretold the death 
of the Sultan of Turkey, who was then the most powerful ruler in 
Eurasia. The Sultan did in fact die, and Tycho boasted of his 
astrological skill; but it then became known that the Sultan’s 
death had occurred well before the eclipse of the Moon. It may 
appear strange that a man of Tycho’s mental powers should 
believe in astrology, but sixteenth-century science was still 
riddled with superstition. 
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It also seems that Tycho was a hot-tempered, quarrelsome man* 
While at Rostock he had a dispute with another Danish nobleman, 
whose name has not been recorded, and the result was a duel, 
fought with swords in the middle of the night. The fight ended 
when Tycho had part of his nose cut olf. He made himself a new 
part with gold, silver and wax, and apparently suffered no 
ill-eflects. 

So far Tycho's main work had not begun. The start of his true 
career may be said to date from 1572, when a new star appeared 
in the sky, and held the attention not only of Tycho but also of 
astronomers all over the world. 

One of the most famous of all constellations is Cassiopeia, the 
'Lady in the Chair'. It is easy to find, as the Great Bear and Polaris 
may be used as direction-finders to it; its five chief stars are 
arranged in the form of a \V, and never set over Great Britain. It 
was here that Tycho’s Star blazed up, on November 11, 1572, and 
it is worth recording the words of Tycho himself: 

In the evening, after sunset, when, according to my habit, I was 
contemplating the stars in a clear sky, I noticed that a new and unusual 
star, surpassing the other stars in brightness, was shining almost directly 
above my head; and since I had, almost from boyhood, known all the 
stars of the heavens perfectly (there Ls no great difficulty in attaining 
that knowledge), it was quite evident to me that there had never before 
been any star in that place in the sky, even the smallest, to say nothing 
of a star so conspicuously bright as this. 

Naturally enough he was filled with amazement. It had always 
been thought that the stars were unchanging, and for the moment 
he doubted the evidence of his own eyes. When others too saw the 
star, he knew that there could be no mistake. He began to make 
careful observations, and as the days passed by the star became 
even brighter, until it far outshone even the planet Venus, It was 
visible even during broad daylight. Then, slowly, it faded away. 
At last it fell below the sixth magnitude; and since telescopes had 
not then been invented, even the keen-eyed Tycho could follow it 
no fiirther. 

We now know what the star was. It was a mpernovay a real 
stellar outburst, sending out as much luminosity as millions of 
Suns put together.. Only two other supernovae have been seen 
in our own star-system during recorded times—those of 1054, 
observed by Chinese astronomers, and (probably) the star of 
1604, 

A star, as we know, is a globe made up of intensely hot gas. 
Normally it shines steadily, and does not alter much over periods of 
thousands or even millions of years. In some cases, however, a star 
may suffer some tremendous internal disturbance, and will flare 
up suddenly, increasing its output of light and heat many thou¬ 
sandfold before dying back to its original brilliance. When a star 
behaves in this manner it is known as a nova^ from the Latin word 
for 'new^ (The name is rather misleading, since a nova is not in 
fact a completely new star.) Normal novae are not particularly 
uncommon. Several have been seen during the past few years; 
there was a bright one in 1934, and others in 1936, 1946 and i960, 
while fainter nov^ are fairly frequent. 



POSITION OF TYCHO’s STAR. Tycko 
made careful obsermiions of ike bnUiani 
supernova of which appeared in 

Cassiopeia not far from the famous 'IT’ of 
stars. This was the brightest supernova of the 
past thousand years. Only two others have 
been seen in our own Galaxy during this time; 
the 10^4 star was certainly a supernova^ and 
Kepler's Star of 1604 may also have been 



SEXTANT USED BY TYCHO BRAHE. 

This sextant was in use by Tycho in ^577. U 
was one of the elaborate instruments which 
were set up on the island of Hven^ where 
Tycho worked for so many years 



Tycho’s Star was an outburst on a much grander scale. Evid¬ 
ently the explosion more or less destroyed the original star and 
hurled gaseous material into space in all directions. Today there 
is no visible trace of the original star itself, though our radio 
telescopes can pick up radiations which may possibly come from 
the remnants of the expelled gas. 

Tycho knew very little about the nature of the stars, and he 
could not give a satisfactory reason for such an outburst, but at 
least the supernova made him determined to spend the rest of his 
life studying astronomy. He wrote a book about the star, De Nova 
Stella, and this book made him well known. By this time he was 
married, and he considered settling down in Basel, but then he 
received a generous offer from King Frederick II of Denmark. 
Frederick wanted Tycho to stay in Denmark, and granted him 
the little island of Hven in the Baltic, between Elsinore and 
Copenhagen, together with enough money to build an observatory 
and pay for its upkeep. 

Tycho was quick to accept, and in 1576 he began the construc¬ 
tion of his observatory—Uraniborg, the ‘Castle of the Heavens’. 
It lay in the middle of a large square enclosure laid out ^s a 
garden, the corners of which pointed north, south, east and west. 
It contained a library and a chemical laboratory as well as 

I qUADRANT USED BY TYCHO BRAHE. One of the 
great quadrants used by Tycho at Hven for his measures of 
star positions 
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ALTITUDE INSTRUMENT USED BY 
TYCHO BRAHE* Tkis wos Jit another of 
the complex instruments made by Tycho and 
used at the observatory on Hven 



stjernlborg. This is a recent view of 
Stjemeborg, the second of Tycho^s two 
observatories on Hven, The buildings shown 
are of course modern^ since nothing now re¬ 
mains of the original observatory. Photograph 
by Gbsia Persson^ jg§8 


living apartments and the rooms for the instruments themselves, 
Later^ in 1584^ he built a second ^Castle of the Stars\ Stjemeborg, 
in which some of the instruments were located below ground- 
level, The reason for this seems to have been that Tycho experi¬ 
enced trouble when the wind blew strongly and shook the instru¬ 
ments lying above ground* He also added a printing press and a 
paper-mill, Hven became a hive of scientific activity, and many 
distinguished people from all over the world visited il^—among 
them James VI of Scotland, who afterwards became James I of 
England, 

Tycho lived in magnificent style, and those who visited him 
were royally entertained. Banquets, games and hunts were held, 
and it is said that the guests w'ere entertained by a dwarf whom 
Tycho kept specially for the purpose. On the other hand the 
islanders themselves were not well treated; Tycho w^as a harsh 
landlord. One of the less welcome buildings at Uraniborg was a 
prison in which he used to lock up those who would not pay their 
rents, or who displeased him in other ways. 

The instruments themselves were by far the best of their time, 
and since Tycho was a most careful and accurate observer he 
obtained excellent results* He measured the positions of 777 stars, 
and drew up a catalogue; it is said that his star positions were 
never in error by more than i or 2 minutes of arc* When wc 
remember that he had no telescopes, and that all his work had to 
be done WTth instruments without lenses, we can sec how good an 
astronomer he must have been. He was still enthusiastic about 
astrology, however, and never began obser\Tng without dressing 
himself in special robes. 

As well as drawing up his star catalogue Tycho measured the 
apparent movements of the planets, and it was these observations 
which proved to be so useful later on. He was also interested in 
the brilliant comet which appeared in 1557, and proved that it 
must be much more distant than the Moon. Ihis was a step for¬ 
ward, since up to that time it was still thought possible that 
comets might be near at hand, and perhaps contained in the 
upper part of the Earth’s atmosphere. 

Tycho regarded Copernicus’ theory that the Earth could 
revolve round the Sun as heretical. On the other hand he knew 
quite well that the movements of the planets could not be explained 
on Ptolemy’s theory, and he suggested instead that the planets 
revolved round the Sun, while the Sun and Moon revolved round 
the Earth, This was not an entirely new idea, but it satisfied very 
few people apart from Tycho himself. 

King Frederick of Denmark died in 1588, and in 1594 Tycho 
lost another of his supporters, the Danish Chancellor Kaas* 
Unfortunately he had made himself unpopular everywhere; the 
islanders of Hven hated him (as they had good reason to do), and 
the new Royal Court was much less friendly to him than the old 
one had been, Tycho would never sec that he could be in the 
wrong, and eventually his supplies of money were cut off. In 1596, 
after having worked at Hven for twenty years, he left Denmark in 
anger, taking with him the more portable instruments from 
Uraniborg and Stjemeborg, and went to Germany* He never 
returned to his own country. 
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FRONTISPIECE OF 
THE KUDOEPHINE 
TABLES. These tables 
represented Keplerlast 
astronomical work^ and 
were published shortly be¬ 
fore his death. Kepler's 
acknoiidedgement to Tycho 
is prom inen tly foa tured on 
the title-page. The tables 
were so named in honor 
of Kepler's old benefactor^ 
the Holy Roman Tmperor 
Rudolph //, who was 
interested mainly in mysti¬ 
cism and astrologyy but 
who also encouraged astro- 
nomical science. Rudolph 
himself had of course 
been dead for many years^ 
by the time that the tables 
appeared 


For some time he had been in correspondence with Rudolph 11 ^ 
the Holy Roman Emperorj and Rudolph invited him to Bohemiaj 
placing at his disposal the castle of Benatekj about twenty miles 
from Prague. Tycho accepted, and arrived there in 1599* At once 
he began setting up astronomical instruments, but it soon became 
clear that conditions at Bcnatek were very different from those at 
Hven. The Emperor himself was a curious character; he was 
mainly interested in astrology and ‘alchemy’ {the so-called making 
of gold out of baser elements), and he was both melancholy and 
incompetent. All through his reign his country was in a state of 
unrest, and finally, in 1611, he was deposed. Even at the time of 
Tycho’s arrival the Emperor was short of money, and it was not 
easy for him to pay Tycho the salary which he had promised. 
Before long Benatek was given up, and Tycho settled in Prague 
itself. 

By this time he had been joined by a younger man, Johannes 
Kepler, who was later to make the best possible use of the ob¬ 
servations which Tycho had collected. The two men were not 
always on good terms, and it is very likely that the main fault was 
Tycho’s, but they managed to work together for some time. 
Towards the end of 1601 Tycho became ill, and died on November 
24, so that Kepler came into possession of his observations. 

In every way Tycho Brahe was a picturesque figure. Hasty, 
intolerant, proud and often cruel, he was at the same time bril¬ 
liantly clever, sincere and hard-working. Nothing now remains of 
his ‘star castles’ at Uraniborg and Stjerneborg, and indeed nobody 
else ever used them, so that after his departure from Hven they fell 
quickly into ruin. Yet it was Tycho’s labors there which enabled 
his successor, Kepler, to prove once and for all that the Earth is 
an ordinary planet moving round the Sun. 
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7 legends in the sky 



THE LEGEND OF PERSEUS AND 
ANDROMEDA. TMs is oTie of the most 
famous of the mythological legends associated 
with the constellation patterns 



ARIES, THE RAM. The first constellation 
of the Zodiac 


TYCHO BRAHE BECAME SO famous that wc tend to think that he 
was the only great astronomer of his day. Yet others too were 
working hard and skilfully. One of these, a German lawyer named 
Johann Bayer, produced a famous star atlas, the Uranometria, in 
which he lettered the stars according to their magnitudes, and 
produced a system of nomenclature which is still used. 

As we have seen, the ancients divided the stars into groups or 
constellations^ each named after a living creature, a common object, 
or else a mythological god or hero. Thus we have Ursa Major 
(the Great Bear), Sagitta (the Arrow), Orion, Hercules and many 
more. Ptolemy had listed a total of forty-eight constellations— 
twenty-one in the northern part of the sky and fifteen in the 
southern, as well as the twelve groups which make up the Zodiac. 
Not all the sky was covered; patches were left out, as well as the 
far southern regions which never rose above the horizon in 
Alexandria, where Ptolemy worked. Tycho added two more, one 
of which (Coma Berenices) is still to be found on our star maps, 
while Bayer was responsible for a dozen, all in the south. Still 
others have been added since. 

At one time it was said that ‘no astronomer seemed comfortable 
in his position’ until he had named a constellation of his own. Not 
all were generally accepted—which is probably just as well. 
Johann Bode, a German astronomer who lived in the seventeenth 
century, listed nine new groups with long, clumsy names such as 
Sceptrum Brandenburgicum (The Sceptre of Brandenburg), 
Globus vErostaticus (the Balloon) and even Officina Typographica 
(the Printing Press). All these have now been forgotten except by 
those who are interested in historical astronomy. 

Some of the old legends about the constellations are charming, 
and the most famous of them all is that of the hero and the sea- 
monster. 

According to the legend there was once a Queen, Cassiopeia, 
whose daughter, Andromeda, was exceptionally beautiful. 
Cassiopeia went so far as to boast that her daughter was lovelier 
than the sea-nymphs or Nereids, children of the powerful god 
Neptune. Neptune was enraged, and in revenge sent a monster to 
attack the Queen’s country. The creature laid waste the shores, 
and before long Cassiopeia and her husband. King Cepheus, were 
in despair. 

What was to be done? Cepheus consulted the Oracle, and was 
told that the only way to save his country was to chain Andromeda 
to a rock so that she could be eaten by the monster. There seemed 
no course but to agree. With heavy heart he gave the necessary 
orders, and Andromeda was left alone to await the coming of the 
terrible sea-beast. 

It so happened that the hero Perseus had been on an expedition 
to kill the Gorgon, Medusa—a woman with snakes instead of hair, 
and whose glance would turn any living creature to stone. 
Perseus had been helped by the gods; he had been mounted upon 
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PEGASUS, THE FLYING HORSE. 

Pegasus, one of the figures of the Perseus 
legend, is a prominent constellation; it is 
marked by four stars arranged in a square. 
For some reason, however, one of the stars 
{Alpheratz) is now included in the neigh¬ 
bouring constellation of Andromeda, and is 
officially termed Alpha Andromeda: it used to 
be known as Delta Pegasi 



URSA MAJOR, THE GREAT BEAR. The 
seven famous stars make up the ^Plough^ or 
^Big Dipper\ but the whole of Ursa Major 
is a very extensive constellation 


a flying horse, Pegasus, and given a magic shield which would 
protect him from the Gorgon’s stare. He had been successful in his 
quest, and had cut off Medusa’s head. He was flying home, still 
mounted on Pegasus, when he saw Andromeda chained to the 
rock. At once he swooped down, and as soon as the monster 
appeared Perseus turned it to stone by confronting it with the 
Gorgon’s head. He was rewarded with Andromeda’s hand in 
marriage. 

All the characters in the myth are to be found in the sky— 
Gepheus and Cassiopeia; Perseus, with the Gorgon’s head marked 
by the famous ^winking star’ Algol, which will be described later; 
Pegasus, marked by a prominent square of stars, and even the sea- 
monster Cetus, which sprawls into the southern part of the 
heavens. 

This is only one of many such stories, but Bayer was concerned 
with a convenient nomenclature rather than legend. Many of the 
brightest stars, such as Sirius, Betelgeux and Rigel, had separate 
names, but it was clearly impossible to name each star in such a 
way, and something better was needed. What Bayer did was to 
take each constellation and allot each star in it a Greek letter, 
beginning with the first in the alphabet (Alpha) and ending with 
the last (Omega). Thus the brightest star in Andromeda became 
Alpha Andromedae (Alpha of Andromeda); the second brightest 
should have been Beta; the third Gamma, and so on. Similarly, the 
brightest star in Ursa Minor, the Little Bear, became Alpha Ursae 
Minoris, the official designation of the famous Pole Star. Actually, 
it sometimes happened that the stars became out of order. For 
example, Alpha Orionis, or Betelgeux, is not so brilliant as Beta 
Orionis, or Rigel. However, the system was clearly a good one, 
and Bayer’s letters are still used. 

We know very little about Bayer himself, and he accepted 
Tycho Brahe’s star positions and magnitudes without question, 
but for his catalogue alone he deserves to be remembered. 

By now the positions of the stars had been charted as accurately 
as was possible in pre-telescopic days, and their right ascensions 
and declinations were known with some precision. These terms 
too are still in use, and correspond more or less to longitude and 
latitude on the surface of the Earth. 

We may begin by supposing the sky to be solid—the celestial 
sphere, as shown on page 41, with the Earth in the middle. North¬ 
ward, the Earth’s axis points to the North Celestial Pole, roughly 
marked by Polaris; there is no bright south polar star, the nearest 
naked-eye object being a fifth-magnitude star known as Sigma 
Octantis (Sigma in Octans, the constellation of the Octant). 

On Earth, the latitude of a place is reckoned according to its 
angular distance north or south of the terrestrial equator. London, 
for instance, has a latitude of between 51® and 52°. We can imagine 
that the Earth’s equator is projected on to the celestial sphere; 
this gives us the equator of the sky. The angular distance of a star 
north or south of this line is called the star’s declination. Sirius 
has a declination of S. 16° 39', so that it is 16 degrees 39 minutes 
south of the celestial equator; Vega, the brilliant blue star in 
Lyra (the Lyre) is N. 38"^ 44', and so on. 

If Polaris lay exactly at the pole of the sky its declination would 
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be N. 90“, and anyone standing at the North Pole of the Earth 
would sec Polaris directly overhead. This is not quite the case; 
the declination is N. 89° so that the star lies 56 minutes of arc 
away from the true pole—a fact which navigators have to be 
careful to allow for in their calculations, 

Declination, then, corresponds more or less to latitude on the 



DECClKATtONS OF CELF,ST1AL 

OBJECTS. The dtetieiatioTi of d body ui iht 
ity is the angtilor distanoe of tke body noitk w 
sosih of tlu celestial equaiot; the celestial 
eqaatoT is the projection of ike Earth's 
equator on to the ceiesiiat sphere. Sirius, shown 
in the diagram^ has a deciinatiort (f soupi 
f5 degrees 33 ntinutes. The Kortfi (letestiai 
Pole kaSj of course, a declination of JV. ^ 
Polaris, the ptesent Pole Star, Iks 
one degree of this. There is con¬ 
spicuous star wiihlst this distance of the South 
Celestial Pole. The declinations of the stars 
fAdn^ very stowiy oudtig to the ejects of 
precession; the declinations of the Sun, Moon 
and planets naturally alter much more 
rapidly 


Earth, though—rather confusingly—the term ‘celestial latitude' 
is used in another connection. Now let us lurn to the celestial 
equivalent of longitude. 

The Sun seems to travel along the Zodiac, completing one 
journey each ycar» Each March, about the aist of the month, it 
crossed the celestial equator, moving from south to north. This 
momenl marks the beginning of spring m the northern hemi¬ 
sphere, and tilt position where the Sun crosses the equator is 
known as the Vernal Et^ainox. It is also known as the Firg^ Point of 
Aries, since it used to lie in the constellation of Aries, the Ram. 
This is no longer true; as we have seen, the Earth^s aicis wobbles 
slightly and pmduces the effect known as precession, so that the 
Vernal Equinox shifts too. By now U has moved out of Aries 
altogether, and lies in the neighboring constellation of Pisces 
(the Fishes), though we still use the old name. 

I'he Ve-mal Equinox is used as the starting-point for our mea¬ 
sures of a starts ri ght ascension. First we must refer to the mfridt^n 
of any observing point on the Earth, which is a great circle in the 
sky passing through both celestial poles as weU as the or 

overhead point. The Vernal Equinox crosses the meridian once 
every 24 hours—often, of cour^, it does so in daylight—and is then 


culmination 



GULIIINATIQN OF A STAR, A ultSfioI 
boffy is said to cuJjninate whm it reaches its 
^eaiest apparent height ahoae the horizon 



APPARENT PATH OF MARa ]N MAY 
19 ^ 0 + BeitL'etn 6 and May Mars 
passed bjf the First Point 0/ Aries (Ffffifl/ 
Equinox) and also mooed aoross the 
from (he southern fn^ff the northern hemisphere 
if the sfy 


at its greatest height above the horizon^ so that we say it culminates. 
The difference in time between the culniination of the Vernal 
Equinox and the culmination of any particular star gives us the 
star's right ascension. Sirius^ for instance, crosses the meridian 
G hours 43 minutes after the Vernal Equinox has done so^ and we 
say that its right ascension or R. A. Ls 6h 43m* The right ascension 
of Vega is iflh 35m; of Rigel in Orion j 5h 

It may sound confusing to measure the equivalent of "sky 
longitude' in units of time instead of in angular measure, and 
various other systcrm are in use, but on the whole astronomers 
have found that this is the most convenient method. Once we 
know a star's right ascension and declination^ wc can fix its posi¬ 
tion in the sky just as accurately as wc can fix a position on the 
Earth by quoting latitude and longitude. 

The stars are so far away that they seem to keep in almost the 
same relative positions. The right ascensions and declinations 
change very slowly because of the effects of precessionp but this is 
due to the wobbling of the Earth's axiSj and has nothing to do 
with the stars themselves* We can also give the right ascensions 
and declinations of the Sun, Moon and planets, but obviously 
these w^iil change rapidly* For instance^ the positions for Mars 
during May rg6o were as follows: 



LEO. the Lion, is one of the ^tydiacal 
constellations. It contains one jirst^magnitude 
star {fieguius)^ and the Sickle^, shaped 
rather like a question-mark turisted the ivrong 
ivc^ round, is tfety (0 ideniiffu Algkha 
and Denehoia are of the second magnitude 


May 6: R.A. a3h 47mj Deck S. 55"* 

May 16: oh i5ni, N. o* S\ 

May 26: oh 4310, N. 3^^ 5'. 

Between the Gth and iGth, then, Mars passed by the Vernal 
Equinox; it also crossed over the celestial equator from south to 
north. 

Today w'c can work out the right ascension and declination 
of a star or planet to within a tiny fraction of a second of arc. 
TychOj as wc have seen, had to be content with an accuracy within 
i or 2 minutes of arc. Yet this is no reflection upon his skilL 
Considering that he had no telescopes^ it is amazing that he was 
as correct as he was^ and Bayer had every confidence in adopting 
the positions which he bad given, 

Kepler, too, had coniplcte faith in Tycho—and it is ironical 
that he used the great Danish astronomcr^s work to prove the 
truth of the Copemican system which Tycho himself had so 
decisively rejected- 
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THE riRgT OF THE TRAciRpr^s Tcsulting frofu ihc 'Sun-centred' 
theory took place on February 17, 1600* Giordano BrunOj^ who 
was not strictly an astronomer but who nevertheless pf^sscssed 
deep scientific knowledge together with an inquiring mind, had 
been going around Europe teaching the truth of the Gopemican 
theory that the Earth is a moving planet. This did not please ihe 
Church authorities, w'ho insisted that the Earth must be the centre 
of all thingss and the most important body in the nniverse. Finally 
Bruno came to RomCi and was captured by the dreaded Tnquisi- 
Lion. After being kept in prison for seven years, he was burned 
at the Slake. 

It would be wrong to supptise that Bruno was burned only 
because he had supjMrted the idea that the Earth goes round the 
Sun ■ this was only one of his many crimes in the eyes of the Church. 
Vet it shows that to put forward such theories was extremely 
dangerous, and that the far-sighted scientist would be lucky if he 
did not find himself in serious trouble. 

Tycho, of courscj. was in no danger at all, because up io the 
time of his death at the end of 1601 he still fell sure that the Sun 
moved round the Earth. He undoubtedly hoped that his pupil 
Johannes Kepler would use all the Hven observatiom to prove the 
clumsy and unlikely-looking 'Tychonic’ theory. Kepler began his 
work with an open mind. Fortunately he was as brilliant as a 
theorist as Tycho had been as an observer. 

Johannes Kepler was born at Weil der Stadt, in W^urtlemberg 
(Germany) in 1571. His home life was the reverse of happy, 
and when he w^as four years old he became so seriously ill that 
he was left with a partially crippled hand, poor eyesight and 
a generally delicate constitution. It is therefore not surprising 
that he made very few aatronomical observ^ationa himselfr As he 
wrotej his eyes Verc not keen enough'. 

He went to Tubingen University^ planning to enter the Church. 
However^ he soon turned his attention to astronomy, and in 1594 
accepted a lecturing post at the University of Gratz. Two years 
later he published his first bookj under a I>atin ritJe which may be 
translar^ as The Forerunner of DtsseriaHans on the Umoerse^ Caniaining 
the Mysteiy of the Universe. It contained a certain amount of useful 
science, though it also included a great deal of astcolc^cal supers 
sdtion mixed in with some quite unsound ideas. 

Tycho Brahe was among those who read Kepler's book, and he 
was highly impressed by itn Here, surely, was a man who would be 
able to make proper use of Lhe Hven observations? Tycho invited 
Kepler to join him and become his assistant; Kepler was glad to 
accept^ since there were religious troubles at Gratz, and it was 
impossible for him to stay there. Iti 1600 the young German 
mathemadcian joined the old Dane at Prague. Less than two 
years later Tycho died, and Kepler succeeded him as Imperial 
Mathematician to Rudolph II. 

Now Kepler began his main lifers work. Using the Hven 
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DRAWING A^r Ellipse, eUifrje Jijfly 
dffiwri ffuile simply. Fix twG pins into a 
pUc^ fif btmd^ and join them with a thready 
hauing a ciriain amtmnt of slack. Then ptil a 
pfneii through the thread, and trace tmt a 
curve. This will be an ellipse^ and the pins 
will mark the foci- The wider apart yon put 
the piits^ the more eccentric will be the 
ellipse. 1 / the two pini come together at a 
single point, the eccentricity is and the 
ellipse becomes a circle. The orhits qf the main 
planeis known in ancient times are almost 
circular^ hut mt ^ite—ofui it was this slight 
departure from circuiariiy which enabled 
Ffpkr to prove the truth ^ the heliocentric 
theory as opposed to the Ptolemaic 




MARS, SEPTEMBER 3.0^ T95G. 2 2 h; 

i2i-iNr.H REFLECTOR, y 360. The 
prominent marking (?fi the lejl-hand side 0/ 
the disk is the .Syrtis Major. Drawing made 
at the ielescopf by Pahick Moore 


obiicrvatiGTis, he had to decider whrtlier Cnpcmicus had been right 
in saying ihat the Earth moved round the Sun, or whciher there 
could be some other explanation* 

Tycho's star catninguc was by far the best yet rnadej and 
demonstrated his superlative skill as an observer* The relative 
or proper motiom of the stars are so slight tiial fur most pur¬ 
poses we may neglect diem—and Kepler, indeed, did not know 
that such proper motions existed at all. He basird his work on the 
apparent wanderings of the planets, particularly Mars. Fortunately^ 
Tycho had made very accurate measurements of the positions of 
Mars, and Kepler was quite sure chat he was justified in placing 
complete trust in them. 

His task proved to be even more ddlicuk than he had expected. 
The movements of Mara and the other planets could not be 
accounted for on the theory that they moved round the Earth; 
neither did the positions fit the idea that the planetS;, and the 
Earlhj moved round the Sun in circular orbits, Kepler tried hard 
Co make Tycho's obsesv^alions fit, but for many years he failed to 
do so. The measured positions of Mars almost agreed with theory 
—but not quite. And then, at last, Kepler hit upon the truth. The 
planets move round the Sun indeed, hut they do so in orbits which 
are not circles^ but ellipses* 

Kepler found that the planetary orbits were ellipses of very 
slight eccentricity—in fact, they were almost circular, but the 
slight difference between circle and ellipse allowed Tycho^s 
observations to fall beautifully into place. To show what is meant, 
let us give some of the modem measures of planetary distances 
from the Sun* This means that die distance between the Earth and 
the Sun varies by about 1 1 million miles from its average value of 
93 million miles* 

PISTARCES PLANETS FHaiH THE SUM 
\'enust maximtim mile!f; mean, 67,200,000 miles; miiumiim, 

66,700p0oo miles. 

EartEu maximiim 94,600^000 miles; mean, 93,003,000 miles; minimum, 
91,400,000 miles. 

Marsi maximum 154,500,000 miles; mean, 141,500,000 miles; mini- 
mum, i28,5oo,{mjo miles. 

{The figures far the Earth are according la H. Spencer Jones* New methods^ 
dei^eloped very recently^ indicate that ike r^tcan distance may in fact be 
slightly less than 93,000,000 miles^ Tlte latest oahe gioen by Russian 
astronomers is 92,868,000 miles 

Oddly enough, we are at our closest to the Sun in December, 
when the northern hemisphere is experiencing winter* The dia¬ 
gram will explain why this is so. In December, the Eartli'^ North 
Pole is dllcd away from the Sun, and so the solar rays fall at 
an angle; in Julyp the north part of the Earth b tilted towards 
the Sun, arid the rays are more direct. Our seasons are due mainly 
to the inclination of the axis, and not to the Earth^s changing 
distance from the Sun. 

Venus has an orbit of even lower eccentricity, but Mar^ moves 
in a less circular path- This was fortunate for Kepler, since Mars 
was the world upon which he concentrated his main attention. 

Now^ that he had taken the first real step^ Kepler was able to 
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drEiw up his three fanious Laws of Pianctary Motion, I'he first two 
were published in i6jxk and the third ten years later. All diree are 
so imporlanl Jii astronomical theory that they are worth describing 
in rather more dctaiL 

Ijiw / we have already met; it states that the planets move 
round the Sun in ellipses, the centre of the Sun btring placed in 
one focus of the ellipse!, v/Yfdc the other focus is empty. 

Ijaw £ states that the radius veclftr of the planet sweeps nut equal 
areas in equal times. The radius veclor Is an imaginary line joining 
the centre of the Sun to the centre of the planet. This is illuatrated 
in the diagram, in which thcEun is represented by S. Suppose that 
the planet moves from A to P in the same time that it takes io 
move from C to D. Then the blue area. ASB must be equal to the 
yellow area CSD. In other words^ a planet moves quickest when 
it is closest to the Sun. This naturally applies to the Earth; in 
December we are travelling slightly faster than in July. (To make 
the diagram clear the orbit has had to be drawn as rather eccentric, 
whereas—as we have seen—the real orbits of the planets are very 
nearly circular.) 

l.awj states that for any planet, (he square of the siderral prrhd 
(time taken to complete one journey remnd the Sun) is equal to 
the cube of die planet's mean distance from the Sun. riiis may 
sound rather confusing, but it. means that there is a definite 
rrlaljonihip between the distance of a planet and the time w^hich 
it takes to go once round the Sun. 

This important third Law^ was published in a book catted 
Harmotiices Mundi (*llie Harmnnics of the World which, as usual^ 
contained valuable scientiric discoveries mixed up with astro¬ 
logical and mystical nonsense* It should be understoixl that 
Kepler/as Imperial Mathematician, had to be an asLrT>loger too— 
officially at least. His benefactor, the Emperor Rudolph !I, was 
more interested in astrology than in true astronomy^ 

Unfortunately Kepler w^as finding things increasingly difficult. 
Rudolph II was forced to abdicate, and died not long afierwards* 
Money was very short, and Kepler did not often receive his 
promised salary, so that in i6ia he moved to LinK, in Austria, and 
began lecturing at the University there. About this time his wife 
died, and also one of his three children. Kepler later married again. 

There were further troubles in 1620, when his mother, Catherine 
Kepler, was arTested on a charge of witchcraft. In view of die 
period in which she lived, this was hardly surprising; she seems to 
have been a most unpleasant woman, and may well have looked 
rather like ihe popular idea of a witch. Johannes Kepler fought 
energetically to secure her acquittal, and finally he succeeded, 
though his mother did not live for long after her release from 
prison. 

He was carrying on with His $cicntilje work, and it would be 
WTong to suppose lhai his fame rests only upon his Laws of Plane¬ 
tary Motinn. He wrote an important book about comets, and 
another in which he gave a full outline of the Copemican system. 
Strangely, perhaps, the Church authorities did not trouble him on 
this account, but in 1626 religious difficuUiea led to Ilk being forced 
to leave Linz, Meanwhile he was working upon improved tables 
for planetary positions, and he called them the Rudolphine Tables 



rni- s EAS 0 Ns. 77^£; drawing relaies io ihs 
mrihern hemhpimt qf the Earthy in th^ 
Mouthful hmdpfim conditions are nf course 
umsed. During northern summer, the mrlhern 
hemisphere qf the Earth is iihed toward the 
and the rajfs strike this hemisphere more 
directij. ihis time the Earth is actually at 
its greatest distance from ihe Sun {over 
^^^,ooo^oDo miles) 



KETleu's second law. 5 represents 
ihe Sun^ A, B, C and D a planet in four 
different posiiians in its orhit According to 
Kepler's Ijiw^ a plnnct maves at Us quickest 
when at its closest to ihe Sun 
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PHOTOCRAI'M^ OF AfJ ECl^lFSE OF 
THE MOON. Totalky occurred heiwem the 
JiJih and sixth photo,^aphs. Cenerailj ihc 
Moon is ptainly omhk mn when totaiiy 
eclipsed, ihottgk it ij m record that at some 
eclipses the Afoon has disaf^^^ored cumpUtelj 
for a short period 


THEoav OF AN ECLIPSE OF THE 
htooN, eeiipse occurs when the Moon 
passes into the shadow east hy the Earth 
[7~A£j iiio£ram ii mt to 


in honor of his old benefactor the Emperor Rudolph II. But he 
was still dei5perately short of moncyj and it was almost impossible 
for him to obtain the salary' due to him as ImpenaJ Mathematician. 
At last^ in 1630, he set out on a journey to press his daim to the 
amounts due to him; but travelling was loo much for him in his 
w-cakened state, and on November 15 he died. 

'Fhough Kepler was not a true observer hiimelf^ mainly because 
of his poor eyesight he was very interested in the new telescopes 
invented in 160S and first turned to the heavens less than two 
years later by Galileo. He also made some other notable advances 
in astronomical theory. For instance, he explained why the Moon 
seems to turn a coppery or reddish color during a lunar eclipse. 

As we have seen, a solar eclipse is caused when the Moon passes 
in front of the Sun and blots out the brilhant solar disk. An ccUpsc 
of the Muon is quite dilferent in nature, as is shown below. 
The Earth, like any other solid body, casts a shadow. When 
the Moon moves into this shadow^ its source of direct sunliglit is 
cut off; the Sun, Earth and Moon are then lined up, with the 
Earth in the middle position. Usually, however, the Moon does 
not disappear eompletely. The Earth's blanket of atmosphere 
bends or refracts some of Qie sunlight on to the lunar surface, and 
instead of vanishing the Moon becomes din; and, generally, 
reddish-colored. 

Lunar eclipses may be either total or partial. They are not 
regarded as of much impoTtance astixjnomically, but they arc 
beautiful to watch, and at any one place on the Earth they are 
seen more frequently than eclipses of the Sun. This is because a 
lunar eehpsc, when it occurs at all, may be seen from a complete 
hemisphere of the Earth. EincKulars or a small telescope will show 
the coloration well, and it is worth remembering that this colora¬ 
tion was first explained by Johannes Kepler mure than three 
hundred years ago. 
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GALILEO, A portrait of GaliUo Gaiileiy the 
gnat Italian who was thefirst to use a 

telescope for astronomical purposes. Galileo 
was also a pioneer of experimental mechanics 



THE LEANING TOWER OF PISA, 
It has been said Galileo dropped stones off the 
top of the famous Leaning Tower of Pisa, 
though as a matter of fact he never carried out 
this experiment. Photograph by Dominic Fidler 


THE YEAR 1609 MUST be regarded as one of the most im¬ 
portant in the whole story of astronomy. It saw the publication 
of Kepler’s first two Laws, based on the observations made long 
before by Tycho Brahe, More important, however, was the first 
use of the telescope in studying the celestial bodies. 

Up to this time astronomers had to depend solely upon their 
eyes. They could measure the apparent positions of the stars and 
planets, but they could see them as nothing more than points of 
light. The Chinese and other ancient peoples had reported 
occasional dark patches on the face of the Sun, and the Moon’s 
disk was clearly mottled with bright and grey areas, but it was 
impossible to find out anything useful concerning the surface 
features. All this was changed in a period of only a few months. 

The principle of the telescope was first discovered by a Dutch 
spectacle-maker, Hans Lippershey. He was not an astronomer, 
and probably he never thought of using the new instrument to 
look at the heavens; but before long, news of his discovery spread. 
In particular it came to the ears of Galileo Galilei, Professor of 
Mathematics at the Italian University of Padua, 

Galileo was bom in 1564 (the same year as Shakespeare), and at 
the age of seventeen was sent to Pisa University to study medicine. 
He soon gave up this idea; he was much more interested in 
mathematics and experimental science, and when he was only 
eighteen he made his first important discovery. He found that 
when a pendulum is set swinging, the time taken for one complete 
to-and-fro movement depends entirely upon the length of the 
support and upon other characteristics of the pendulum itself 
Moreover, the time taken for a full oscillation docs not alter even 
when the pendulum has nearly stopped, A pendulum therefore is 
extremely valuable as a means of measuring intervals of time. 
All through his life Galileo tried to build a true pendulum clock, 
and actually designed one, though it is unlikely that he ever 
built it. 

In 1589 he was appointed Professor of Mathematics at Pisa, and 
his fame grew quickly, not only because of his discoveries but 
because he was so clearly unwilling to take anything *on trust’. 
For instance Aristotle, the Greek scientist who had lived nearly 
2,000 years before, had said that a heavy body must fall to the 
ground more rapidly than a lighter one, and nobody had ever 
questioned this until Galileo did so. It is often said that he climbed 
the famous leaning Tower of Pisa and dropped stones of different 
weights from the top, showing that they hit the ground at the same 
moment. Actually, this story (like so many of its kind) is not true, 
but Galileo would have been quite capable of carrying out the 
experiment if he had thought it worth while. A stone will certainly 
drop more rapidly than a feather, but this is because of the 
resistance caused by the air. Were there no atmosphere round the 
Earth, the stone and the feather would fall at exactly the same 
rate. 
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TWO OF GALELELD^S TELESCOPES, 
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In 1593 Galileo became Professor of Mathematics at Padua^ and 
went on witii his experimental w'ork* By this time he had appar- 
cntly become sure that Copernicus had been rij^ht in aayinnj that 
the Earth moves round the Sun^ but as yet he had made no 
astronomical discoveries hiniseir. 

Hie appearance of a brilliant "new star' in 1604 reawakened 
Galileo's interest in the skies. Like Tycho's Star of 157s it may well 
have been a supernova^ and it became so bright that nobody could 
overlook it, (It is often known as Kepler's Star^ because Kepler 
was among tho$f: whn observed it.) Galileo made careful measure^ 
ments of its position, and satisJicd himself that it was much more 
remote than any of the planets, though he could not be expected 
to understand its true nature. 

Then, while still at Padua, he received the news of Lippershey's 
discovery. I_,et us quote Galileo^s own words^ written later in his 
famcnis lK5ok Sid^eus Nundus (*The Sidereal Messengeri); 

Alxjut icn months ago a report reached my ears that a DtUchman 
had consiructed a trlc3copc+ by the sld oPwhich visible olyccts, although 
at a great dhtatice from the eye of the observer, were seen dhdncily 
as ir near ... At lengthy by sparing neither Labor nor expen fie, I suc^ 
ceeded in constructing for myself an instrutnenL so superior that objects 
seen through it appear magnified nearly a thousand limes, and more 
than thirty times nearer tjian if viewed by the natural powei^ of sight 
alone. 

I’elescopcs of this kind are known ax refraft^rSj and the principle 
of a modern relractor is shown in die diagram. 

The light from the Moon, or whatever object is to be studied^ 
falls upon a glass lens known as an fibjecFglass* This bends the 
light-rays and brings them together at a point known as 
where an image of the Moon is formed. This image is then 
magnified by a second lens known as an ^epiece, The-distance 
between the object-glasx and the focus is known as the focid 
lengih. 

Galileo's firxt instrument was feeble judged by modern 
standards, and had an object-glass only 1 inch in diameter, w^here- 
as the largest refractor ai present in use, that at Yerkes Obscr>^atory 
near ChicagOj has an aperture of 40 ineheSi Yet Galileo was. 
able to make a whole series of amazing discovciitrs, and it w^as 
his work during the years from J609 to 1619 which marks die 
beginning of telescopic astronomy. 

It has been suggested that Galileo was not the first man to 
use a teksenpe in this W'ay. It is just possible, diough unlikely* 
that an Englishman named Leonard Digges—about whom W'e 
know almoEt nothing apart from the fact that he died in t57t— 
made some sort of optical instrument, and similar claims have 
been put forward for Roger Bacon and for an Italian named 
Porta, hiamivi:! there were two other men who certainly began 
telescopic work at about the same rime as Galileo, and inde- 
pcndcndy of him. One was an Englishman, Tliomas Ilarriot, who 
once acted as tutor to Sir Waller Ralegh; the other a German, 
Simon Mayer (better known as Marius). But however this may be, 
Galileo followed up liis observations with such skill and energy 
that he is certainly entitled to the main credit. 


PRINCIPLE OF THE RF-FB ACTOR* Thi 
tighl is cdleded by ih obj€€hgliiss 
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Naturally enough, the first thing that he looked at was the 
Moon. At once he saw that the lunar surface is rough and monn^ 
Lainous. Along the lermor boundary bertwTen the daylight 
and night hemispheres, he saw shining points, and realized that 
these could be due only to mountain-tops catching the sunlight, 
so giving the terminator a rough and uneven appearance* He saw 
the grey plajns, which later became kuowm as^seas’, though Galileo 
himself did not believe that there was any water in them; again 
he ha^ been shown to be correct* He described the valleys, and 
also saw^ the great cireulaj formations which we now call craters, 
He drew up the first telescopic map of the Moon's surface, and 
tried to measure the heights of the peaks, though bis results were 
not accurate* 

The next thing he found was that the stars did not show obvious 
disks in his telescope. No matter what the magnification, they still 
appeared as tiny points of light. Of course they seemed more 
brilliant, and more of them were visible; he could go dowm well 
beyond the sixth magnitude. He gavc^ as a typicEil instance, the 
case of the'lainous star-cluster known as the Pleiades, near Alde- 
baran in the Bull. To the naked eye six stars are easily visible on a 
clear nighty but Galileo's telescope showed him at least forty, and 
we now know that the cluster includes several hundreds of faint 
stars. 

It is not surprising that Galileo failed to sec stellar disks. Even 
with our great modern telescopes a star still appears as a liny 
point. This is because all the slans are so far away. They arc not 
really small, but if you use a telescope and see a star as a balloon 
of light you may be sure that either your telescope is not properly 
focused or that there is something else wrong with it. 

Galileo then turned his attention to the Milky Way, the glorious 
band of radiance which stretches across the sky and is a lovely 
spectacle on a dark night. He found that it was made up of *a mass 
of stars\ apparently crowded close together. Again he was correct, 
as any modern binoculars will show. 

In 1610 Galileo first looked at the planets through his telescope^ 
and again he made some remarkable discoveries. On January 7 he 
found that Jupiter was attended by 'three little stars'. Within a 
few weeks hr had established that there were four such objectsj and 
that they were not ordinary^ stars; they were moons or satellites,: 
revolving round Jupiter just as our Moon revolves round the 
Earth. 

This discovery seems to have excited Galileo more than any 
other. The system ofjupiter seemed to be a Solar System in minia¬ 
ture, and he became more than ever convinced that Copernicus 
had been right. He found a siiU more positive proof when he 
saw^ that the planet Venus shows, phases^ or changed of shapej 
similar to tliiise of the Moon. Sometimes Venus w'as a crescent, 
sometimes a halh and sometimes almost a full disk. 

Let us look back for a moment at the old Ptolemaic system. On 
this theory, both V^'enus and the Sun moved round the Earth, 
but to explain the apparent move men ts of Venus it had been 
necessary to suppose that the planet had a complex motion. It 
moved round a point or dejerentf lettered D in the diagram, 
while D itself moved round the Earth m a perfect circle. If E 



VENUS AT CRESCENT PHASE. Fttm an 
abservaiwn i)' Patrick Mcnre^ made tm 
September jo, mlh an Sj^-inch 

refleciijr, X joOn Drawin^^ by D. A. Hardy 


A MODERN REFRACTOR. ThtS £f the 
TeJracioT at the Sternberg Institute in Maseow^ 
the abjeet-gtass is 3 inches across. Phatitgraph 
by Patrick Moore^ 1960 
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MOVEMENTS QF VENUS ACGORDINO 
TO FTOLEMV^S THEORY, A.^((Frding U 
Piolimy^ both Venus and the Sm mot^ round 
(he Earthy and (he lim joining the Earthy the 
SuUj and (he deferent tf Fjfwitr ij always 
straight. This would mean that ^fnuj canid 
never show as a half nr full disk; i( would 
always be a Crescent when visible at all. 
Though there have been reported cases of 
the crescent shaf^ of Venus being visible tv (^ 
naked ^e, it is certain that nobody could 
follow the changing phases without opticat aid^ 
and unlil the invention of the telescope there 
could therefore he no certain proof. When 
Galileo was able to use a telescope tv study 
he saw at once that the old theorits 
miuf be wrongs since they could not possibly 
ctccounl for Venus'^ behavior 



correct tkeohy of the move¬ 
ments DF VENUS+ The planet be 
seen as a crescent, half or full disk 
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represented the Earth and S the Sun^ then according to Ptolemy^ 
the line EDS was always straight. 

We know that Venus shines by reflected sunlight, so that only 
half the planet is luminous; the other half—the half turned away 
from the Sun—is dark. On Ptolemy's theory, then, it is clear that 
Venus could never show as a full disk, or even a half Yet it docs— 
and Galileo saw why. 

The tower diagram shows the true position. Both Venus and the 
Earth go round the Sun^ the Earth in 3&5i days and Venus in 
days. WTien Venus is in the position marked ^New*, it is almost 
between us and the Sun, and cannot be seen. At dichotomy (a Greek 
term meaning 'cut in half') it appears as a half disk, and at full it 
shows a circular disk, though it is then on the far side of the Sun 
and cannot he seen without a telescope. 

This was decisive. Ptolemy's theory was wrong; therefore, the 
Sun-centred idea must be right. Galileo was never inclined to 
keep his opinions to himself, and he openly taught the truth of the 
Copemican doctrine. 'I’he publkatlon of Sidereus J^uncius, not long 
afterwards, made him world famous. It also led to the Er^t signs 
of trouble w^ith the Catholic Church. 

Many people were doubtful whether Galileo could be right in 
all he said; he was even accused of bewitching his telescopes. 
Moreover, there were some things which were hard to explain. 
The planet Saturn, in pardcular, showed a triple appearance 
which later vanished, and it was not until 1656 that the Dutch 
astronomer Huygens accounted for this satisfactorily. Galileo also 
observed sunspots, showing that the Sun w'as by no means the 
unblemished globe which it had been thought to be. But the real 
trouble was Galileo^s outspoken support of Copernicus. In 1615 
the Church authorities stated 'that the doctrine that the Sun was 
the centre of the world and immovable was false and absurd, 
formally heretical and contrary to Scripture^ and Galileo was 
oflicially warned to alter his views. Meanwhile he had resigned 
his post at Padua, and had settled in Florence as maihematician 
to the Grand Duke of Tuscany* For a while he was left more or 
less in peace. 

Then, in 1632, he published his great book Dialogue Concemirtg 
the Two Chief World Systems—PioleTnaic and Capfrnican. This is in the 
form of a conversation between two imaginary philosophers, and 
Galileo showed his faith in Copernicus so clearly that the Church 
tchok action. In 1633 he was summoned to Rome, and forced to 
'abjure, curse and detest’ his supposedly false view that the Earth 
moves round the Sun, He was too wise to protest—^at least openly; 
in those days the Church was all-powerful, and it was only thirty- 
three years earlier that Giordano Bruno had been burned at the 
stake. 

By now Galileo was an old man, and the rest of his life was 
passed at his home in Arectri. He was carefully watched by the 
Church authorities, and expressly forbidden to carry on with his 
astronomical work. Moreover his eyes were failing, and during his 
last years he became totally blind. Even so he still managed to 
accomplish great things, and one major discovery which he made 
during this fjcriod concerns the rotation of the Moon. 

The Moon moves round the Earth in a period of twenty-seven 
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THE UILKV WAY Iti CYiiNVS* 
graphed al Low^H Observato^ with a j-incA 
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THE LUNAR MARE CRISIUM^ Tfn Afar£ 
Cnsinm^ or Sta of Cmrj, ij one qf the smaller 
but compii^tis of lAe lunrrr rnaHa. It 
lies fairfy close io the limA, and its otpptof^ 
ame is therefore markedly affeeied fy 
/ion, Liek Ohservalojy photagmph 


MAKING A SIMPLE TELESCOPE^ It IS ^ 

simpU enough to make a small refractor ou/ of 
speciaek-iemes md cardboard tubes. The cost 
if louft and the construction takes only an 
AoLr or two 


and one-third days. It also spins once on its axis in twenty-seven 
and onc-third days^ sq that it keeps the same face towards us all 
the time; the effect is much the same as lor a man who walks 
round a chair, turning so as to keep his face towards the chair- 
in v%hich case the back of his neck will never be turned "chairward". 
From the Earth, part of the Moon is permanently invisible, and 
remained unknown until the Russian rocket Lunik III passed 
round the Moon, in 1959, and sent back photographs of the hidden 
side. 

Yet as Galileo found, the Moon seems to sway very slowly to and 
fro in the sky. Sometimes a little of one side is revealed; sometimes 
a little of the opposite side. The reason is that while the Moon spins 
on its axis at a constant rate, its speed in its path round the Earth 
changes. It moves in ati orbit which is not a circle^ but an ellipse, 
and naturally it moves fastest when it is clc^st to us, (The actual 
distance from the Earth varies between 229^000 and 252^000 
miles,) Therefore the position in orbit becomes periodically *oul 
of step^ with the amount of axial spin, and wc can sec for some 
distance round alternate edges. From tJie Earth we can examine 
a total of 59 per cent of the lunar surface, though of course we 
cannot see more than 50 per cent at any one time. This effect is 
known as the Moon's lihratUn in longitude, 

Galileo died in 164.2, at his home in Arcetri. fiy that lime he was 
worn-out and sightless, but he had accomplished great fcats^ and 
had ensured that his name will never be forgotten. 

It is possible to make a telescopje not unlike Galileo*s, at very 
low cost. Go to an optician and buy a spectacle-lens from i to 2 
inches Ln diameter and about 2 feet focal lengths Ask also for a 
smaller len^ of shorter focal length, to act as the eyepiece^ Fix 
them Into cardboard tubes, as shown here, using glue and slots; 
make some sort of rough mounting, and you will have an insLiu- 
menl powerful enough to show the mountains of the Moon, the 
stars of the Milky Way, and the satellites of Jupiter—almost as 
well as Galileo himself saw them so long ago. 
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SOLAR DOMES AT PULKOVO. Tht old 
Pulkovft Oiisermto^ iit l^nifigrad, 
was dfstroyed dtiring the war^ and the present 
buildings are modem. The phoiograph^ taken 
by Patrick MoGre in 1.960^ jAaarj dbmfi 
^oujui^ equipment for siudy ing the Sun 
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pRajECTiNG THE SUN- The lu/e 
wi^ io obsense (he Sun is use a Ulescape to 
project ihi soiar image on to a screen* This 
photograph was taken hy M, Baxter in 
his observatoty at London. The 

telescope is a 4-inch refractor 


THE GREEN AND RED FLASHES. These 
and other loithsun phenomena are due to the 
efects of the Earthy's atmosphere^ Pholo^ 
graphs by Father D. J. K. O^CoimeU^ 
Observatory ' 


OALILEO^S ASTRONOMICAL TE LESCOPE allowed him Lo make a 

whole series of remarkable discoveries. It w^ iw 1611 that he first 
saw Lhai the Sun, which had alwap been regarded as a pure and 
utiblemished globc^ was not quite so perfect as Had been believed. 
Here and there its dazzling disk was. found to be disturbed by 
darker patches^ now known as satis pots. 

Such patches had been observed long before, by the Chinese. 
The ancient sky-watchers had no telescopes^ but exceptionally 
large sunspots are visible without any opdcaJ aid when the Sun is 
shmtng through mist or light fog, so that its brightness is reduced k 
G alileo may not have been the first to see the spots telescopically. 
They were detected at about the same time by two other men— 
Christopher Scheiner, a German Professor of Mathematics* and 
Johatm Fabricius, a young and promising observer who unfor¬ 
tunately died in j6i 6 when aged twenty-nine. However, the 
question of priority is not in the least important* The sunspots 
existed, and some way of explaining them had to be found. 

Galileo himself was at first doubtful of the correctness of his 
observations, and did not publish them until 1612. His words were; 

Having made repeated obscrv'aiions lam at last convinced that the 
spots arc objects dose to ihe surface of the M>lar globe, where they are 
condniially being produced and then dissolved, some quickiy and some 
slowly; also that they arc carried round the Sun by its roiadoji, which is 
completed ifi a pNcriod of about one lunar monih+ This is an occur¬ 
rence of the first importance in itself, and siUl greater tn its implications. 

The Church authorities pardcidarly disliked the idea that the 
Sun might have spots on it, and Galileo became involved in a 
number of arguments. 
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SUNSPOT DRAWING BY SCHEINER. 
This series of obsermtions was made in i6^§ 
by Christopher Scheiner, Sckeiner was one of 
the first telescopic observers to record sunspots^ 
and there was an argument between him and 
Galileo with regard to priority—though in 
fact the question of priority is not in the least 
important 



SUNSPOT DRAWINGS BY HEVEHUS, 

HeveliuSy one of the best telescopic observers of 
the seventeenth century^ carried out most of his 
work from his private observaioiy at Danzig; 
his telescopes were among the best of their 
timCy though very feeble judged by modern 
standards. His drawings of sumpots repre¬ 
sented an advance on the work of Galileo, 
Scheiner and other pioneers 


Modern observations have shown that the average distance of 
the Sun from os is approximately 93,000,000 miles. Since its 
apparent diameter can be measured, its real diameter can be 
worked out, and proves to be about 864,000 miles. This means that 
it is big enough to swallow up over one million bodies the size of 
the Earth; more accurately its volume is 1,300,000 times that of 
our world. The Sun’s globe is much larger than the diameter of 
the Moon’s orbit round the Earth. 

Yet the Sun is not so massive as might be thought. If we could 
put it in one pan of a vast pair of scales, we would need only 
333,420 Earths to balance it. In other words the Sun is not so 
dense as the Earth, and is only i -4 times as dense as water— 
whereas on the same scale the density of the Earth is 5 5. Unlike 
the Earth, the Sun is not solid and rocky; it is made up of hot gas, 
and even at its surface it is fiercely hot. The temperature there is 
about GjOoo'^C, and near the centre of the globe it is believed that 
the temperature rises to well over i o million degrees. 

The fact that the Sun is so hot makes it a source of danger for 
the inexperienced amateur astronomer. To look straight at it 
through any telescope, or even a pair of field-glasses, is fatal. 
The concentration of heat upon the observer’s eye will be enough 
to blind him permanently, and unfortunately this has happened to 
a large number of people. Even when the Sun is low down, and 
does not seem brilliant enough to dazzle the eye, the danger is 
still very real. Unfortunately it is possible to buy special darkened 
‘sun-caps*, designed to fit over the eyepiece of a telescope for 
direct viewing of the Sun, These too are unsafe, and should not 
be placed on sale. A dark glass is always liable to splinter suddenly, 
and if this happens the observer may not be able to move his eye 
away in time. 

There is only one sensible way to look at sunspots, and this is 
by the method of projection. First, the telescope is pointed at the 
Sun by sighting along the tube, making sure that a solid tin or 
cardboard cap covers the object-glass. The cap is removed, and 
the solar disk is projected on to a sheet of white paper or card. 
The Sun’s face will be clearly seen, together with any spots which 
may be present. 

There is one observation which may be made without any kind 
of optical aid. Under favorable conditions, a glorious spectacle 
may be seen at the moment of sunset—a flash of vivid green or red 
as the last portion of the Sun vanishes below the horizon. The 
effect is produced in the Earth’s atmosphere, and is not a pheno¬ 
menon originating in the Sun itself, but it is well worth looking 
for* It is best seen over a sea horizon. 

Since the Sun’s bright surface or photosphere is gaseous, and is 
not "solid’ in the ordinary meaning of the word, permanent fea¬ 
tures are not to be expected, and Galileo was right in saying that 
the sunspots are relatively short-lived. Some of them last for only 
a few hours, while the "age record* seems to be held by a spot 
which persisted from June to December 1943, a period of nearly 
200 days. However, this spot was not under continuous observa¬ 
tion for the whole of that period. As Galileo realized, the Sun 
spins round on its axis, but instead of taking only twenty-four 
hours, as for the Earth, one rotation takes almost a month. What 
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Galileo did not know, and had no means of tellings was that the 
Sun does not spin as a solid body. At the ^lar equator the rolaLion 
period is s? 4-6 days, but at latitude 4.0® the period is 27-5 days, 
while at the Sun's poles the period has increased to as much as 
34 days. This is an extra proof—Lf proof were needed—that the solar 
surface is made up of gas. 

If you rotate a football which has specks of mud on it, the 
specks will seem to move round until they disappear over the edge 
of the football, if you go on spinnings the specks wUl reappear on 
the opposite edge. It is the same with sunspots. As the Sun rotates, 
the spots seem to be carried from one side of the disk to the other, 
finally vanishing over the edge or timk If they persist, they will 
reappear over the opposite limb about a fortnight later. Their 
appearance will be affected, too; near the limb a spot is seen 
foreshortened, and will appear elliptical in form if the real shape is 
circular* 

Suppose that we have a line of sunspots down the Sun's central 
meridian, as shown in the diagram. (Spots are never seen near 
the poles, but this makes no difference to the principle of the 
illustration.} i?4'6 days later the equator will have completed one 
rotation, and the middle spot [A) will have come back to its 
original position, but in higher latitudes the rotation period is 
longer, and so the line of spois will no longer be straight. Evidently 
the Sun spins in a somewhat complex fashion. However, Gahleo 
and Scheiner independently made estimates of the mean rotation 
period, and were not far from the truth. 

Daily observations of the Sun, made by the projection method, 
will show the ^pot-shifts very clearly. Also to be seen arc bright 
patches, generally associated with spots, which are known as 
facuta (Latins ^torches'). These faculae may be regarded as lumi¬ 
nous clouds lying above the solar photosphere; they often appear 
in positions where a spot-group is about to break out, and persist 
for some time after the; group has disappeared. Consequently the 
appearance of faculw on the Sun's eastern Umb is often an indica¬ 
tion that a spot is about to come into view from the far side. 

As many early drawings show, a $pot is not a simple dark blob. 
There is a central blackish part or and with larger spots 

a lighter surrounding pmumha. The shapes are often irregular, 
and one mass of penumbra may contain many umbrae. Yet 
even the darkest spot is not genuinely black. It is at a temperature 
of around 4,00a degrees (2,000 degrees cooler than the surround¬ 
ing photosphere), and if it could be seen shining by itself it would 



DIFFERENTIAL ROTATION OF THE 
SUN. Regwn.A^ ike solar equator^ com¬ 
pletes its In the polar 

regions, the Ungih oj the axial rotalion puiod 
is appreciakiy larger 


sUNSFOT FKOTOCRAFHS. Tkc same 
sunspot group phologri^hed three different 
days; August rg, (left), (centre) 
and 55 (right). Phoiagraphs lY. M. 
Baxter 
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THE GREAT SUNSPOT GROUP OF 

1947 . A day^by~day record from March ^ io 
March j6. This was the largest spot-group 
observed since accutate records were begun. 
Photographs by Mount Wilson and Palomar 
Obsermiories 


THE SUN, showing spoUgroups andfaculs. 
The diminution in light near the edge of the 
disk Himb darkening^ is also apparent. From 
an observation made by Patrick Moore with a 
^•inch refractor [projection method)* Draw^ 
ing by D* A. Hardy 


appear dazzlingly brilliant. It appears dark only by contrast with 
the still brighter background. 

The Sun gives us as much light as 465,000 Full Moons would 
do. It is therefore difficult to justify the popular statement that 
a clear^ moonlight night can be * almost as bright as day*, 

Galileo himself never followed up his work on sunspots. He was 
busy with other matters (including his troubles with the Church), 
and, as we have seen, his eyesight failed him towards the end of his 
life. We know now that when he first turned his telescope at the 
Sun, in 1610 and 1611, there were considerable numbers of spots; 
this was around the period of solar maximum. To understand what 
this means, it is necessary to jump forward two centuries to the 
work of Heinrich Schwabe, 

Schwabc, born at Dessau in Germany in 1789, was an amateur 
observer. In 1826 he became interested in astronomy, and 
began to make daily drawings of sunspots. He carried on this work 
for many years, and in 1851 he made an important announce¬ 
ment. Every eleven years or so the Sun is particularly active, and 
there are many groups of spots; at such times there are generally 
at least four or five groups in view. Then the activity dies down to 
a minimum, and there may be periods when the Sun is completely 
clear. Subsequently, activity begins to build up once more, and 
after eleven years another maximum is reached. 

This solar cycle is not perfectly regular, and the eleven-year 
period is only an average, but it is quite good enough for a general 
guide. Galileo was fortunate in that his early work was carried 
out near solar maximum. If he had started observing five or six 
years later he might never have found the spots at all, and by the 
time of the following maximum he had been forced to give up 
observing altogether. 

Neither are all maxima equal in intensity. During the maximum 
of 1947-8, for example, some giant spots were seen; one of them, 
visible in April 1947, covered an area of over 7,000,000 square 
miles. Very large spots, clearly visible without a telescope, were 
also seen at the maximum of 1958-9. The next maximum may be 
expected about 1970, but we cannot yet tell whether it will be 
earlier or later than predicted, and whether we will see any more 
of these giant groups. 

Sunspots are never visible near the Sun*s poles, and in 1861 
another German observer, Friedrich Sporcr, discovered a curious 
'law* which still bears his name. (Sporer was originally a school¬ 
master, and look up astronomy as a hobby, though later in his life 
he worked at Potsdam Observatory.) During the early part of a 
solar cycle the spots appear some distance from the Sun's equator; 
but as the cycle progresses, the spots invade lower and lower lati¬ 
tudes. As the cycle draws to its end, and its groups die away, small 
spots of the new cycle start to appear in high latitudes once more. 
At solar minimum, therefore, two areas are subject to spots; near 
the equator, due to the last groups of the dying cycle, and in higher 
latitudes, due to the first spots of the new cycle. 

Daily photographs of the Sun are now taken at various large 
observatories, and our records are very complete. F^ven before 
the end of Galileo's own century there was considerable informa¬ 
tion to go on. But astronomers have to admit that so far they 
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THE GREAT SUNSPOT GROUP OF 
1947 . A continualiQn of the record^ from 
AJarch to April j — th^ rotation following 
that shown on page 57 * The Iwo series of 
photographs may be compared^ showing ike 
changes in the spot-group. At its greatest 
extent^ in April, the group covered a total area 
of over y,000^000 square miles^ and was 
easily visible to the naked eye 


do not know why sunspots appear; we know how they behave, 
but we are very uncertain as to their real nature. Various theories 
have been put forward, but our knowledge is still incomplete. 
The Sun is an ordinary star, and it is very likely that other stars 
show similar patches, but we cannot see them—simply because aU 
the other stars arc so remote that no telescope yet built will show 
them as anything but points of light. 

Most of our modern knowledge of the Sun has been gained by 
the use of more complex instruments based upon the principle of 
the spectToxcope, as will be seen later. All that Galileo, Scheiner and 
their contemporaries could do was to record the various groups 
and study their behavior. Meanwhile, attention was being paid 
to an entirely different phenomenon which was only indirectly 
connected with the Sun itself. 

On the Copcrnican system—which, in spite of the Church, was 
accepted by most scientists even before Galileo’s death in 1642 — 
there are two planets. Mercury and Venus, which revolve round 
the Sun at a distance which is less than that of the Earth. If there¬ 
fore either of these planets passes directly between the Earth and 
the Sun, it will be seen as a black spot passing across the solar disk, 
and taking an hour or more to do so (the actual period depending, 
of course, whether the planet passes right across the Sun, or close 
to the edge of the solar disk). This is known as a transit. Obviously, 
only Mercury and Venus can be seen in transit. The remaining 
planets are farther from the Sun than we are—though it is worth 
noting that anyone observing from, say, Mars would be able to 
watch occasional transits of the Earth. 

If Mercury and Venus moved round the Sun in the same plane 
as the Earth, they would transit every time they reached inferior 
conjunction. Unfortunately this is not the case. Mercury’s orbit is 
inclined to that of the Earth by 7 degrees, and that of Venus by 
about 3! degrees. These angles are small enough, but the result 
is that at most inferior conjunctions both Mercury and Venus 
pass either above or below the Sun in the sky, so that no transit 
occurs. 

It will be remembered that the last great work of Johannes 
Kepler was the compilation of the Rudolph ine Tables of planetary 
movements. Kepler finished them in 16271 from them he pre¬ 
dicted that both Mercury and Venus would transit the Sun in 1631 
—Mercury on November 7 and Venus on December 6. By that 
time Kepler himself was dead, but the transit of Mercury was 
successfully watched by the French mathematician Pierre Gassendi. 

Mercury is a small world, and as it passed across the Sun in 
transit it was too small to be seen without the aid of a telescope. 
The transit of Venus promised to be more interesting. Afraid that 
Kepler’s prediction might be in error, Gassendi began watching 
the Sun on December 4, and kept his observations continuously 
until sunset on the 7th. To his great disappointment he saw 
nothing. Wc now know the reason why. The transit occurred 
indeed, but it took place during the northern night of December 
6-7, when the Sun was below the horizon in France. 

Kepler had forecast no more transits of Venus until 1761, but 
fresh calculations were made by a young English clergyman, the 
Rev. Jeremiah Horrocks, curate of Hoole in Cheshire, showing 
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LARGE SUNSPOT GROUP^ MARCH 3 1 , 

1060, phohPTabhed with a A^imk refractor 
by \\\ M, Baxter 



TRANSIT OF MERCURYj NOVEMBER 

7, i960, photographed at /j hours with the 
lo-inch reflector of the Norwich Astronomical 
Society 



ciANi^ SUNSPOT STREAM, February po, ^956^ photographed at 
Mount Wilson and Palomar Observatories 


that a transit would take place on November 24, 1639 (old style; 
the new style date is December 4—^this occurred, of course, before 
the final change-over to our modern-type calendar)* Horrocks 
finished his calculations only a short while before the transit w'as 
due, and he had time only to inform his brother Jonas, who lived 
near Liverpool, and hts friend William Crabtree, who was close 
to Manchester* Both Jeremiah Horrocks and Crabtree WTre 
fortimate enough to see Venus in front of the Sun, though Crab¬ 
tree's view was limited to a few minutes when the clouds luckily 
broke up* 

Horrocks was an inlercsling man. He was born in ififp, studied 
at Cambridge, and became a firm supporter of the Ctipcrnican 
system. He seemed to be destined for a great scientific career, 
but he died in 1641 at the early age of twenty-two* 

Transits of Mercury are not too infrequent; the last took place 
in i960, and there will also be transits in 1970, 19735 r9B6, and 
1999* The more interesting transits of Venus are mudi rarer* 
They occur in pairs separated by an interv^al of eight years, after 
which over a century elapses before the next pair* Since Horrocks^ 
time the only transits have been those of 1761, 1769, 1874 and r 882, 
while the next will be in 2004 and 2012, It is a pity that they are so 
infrequent, since at such times Venus appears large enough to be 
visible with the unaided eye. It cannot be confused w'ith a sunspot, 
since it moves across the solar disk in a few hours, whereas a spot 
may be seen for a fortnight or so (provided that it lasts so long) 
before the Sun's rotation has carried it from one limb to the other. 

It was tragic that Jeremiah Horrocks died so young* Had he 
lived, he might well have become one of the greatest astronomers 
in history* Even so, his name will not be forgotten; there is still an 
observatory near his old home which is named in his honor, and 
he will always be remembered as being the first man to see Venus 
as a black spot against the dazzling face of the Sun* 
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Galileo’s map of the moon. This 
was the first lunar chart drawn with the aid of 
the telescope. It is naturally rough, but 
various features are identifiable 



UNEQ^UAL REFRACTION OF LIGHT. 
Blue light is bent or refracted more than red, 
and is brought to a different focus. In the 
diagram, the differences have been consider¬ 
ably exaggerated, for the sake of clarity 


GALiLEODiEDiN 1642. Isaac NcwtOH whosc work may be said 
to have laid the foundations of present-day theoretical astronomy, 
published his greatest work—the Frincipia —in 1687. Before con- 
sidering’the life of Newton and the laws of gravitation,, something 
should be said about the other astronomers of the period, who 
were busy using telescopes to explore the Earth’s nearest neigh¬ 
bors, the bodies of the Solar System. 

The first Briton to look at the Moon through a telescope seems 
to have been Sir William Lower, who lived at Traventy in Pem¬ 
brokeshire. We know almost nothing about Lower himself, and he 
was certainly no scientist, but he deserves to be remembered for 
his graphic description of the Moon’s surface. He said that when 
seen through the telescope it resembled a tart which his cook had 
made—‘here some bright stuff, there some dark, and so con¬ 
fusedly all over’! In fact, this is not really a bad description of the 
Moon as seen through a low-powered instrument which will not 
show anything sharply. Lower seems to have made no really 
serious observations. 

Observers began to draw maps of the Moon: Scheiner pro¬ 
duced one in 1614, Gassendi another in 1640, and so on. It was 
in 1647 that the first reasonably useful chart was produced by 
Johann Hevelius, a rich merchant who was also a City Councillor 
of the Baltic seaport of Danzig. 

Hevelius was born in 1611, and went to Leyden University. 
After he had completed his education he spent three years travel¬ 
ling around England, France and Italy, after which he returned 
to Danzig. He gave all his spare time to astronomy, and he 
equipped what was then the best observatory in Europe. It was 
placed on the roof of his home—which, from all accounts, con¬ 
sisted of four separate buildings—and of course it contained 
telescopes. Yet these telescopes were quite unlike modern instru¬ 
ments. They had small object-glasses, but they were immensely 
long. 

There was a good reason for this. As all the early observers 
found, a refracting telescope of the kind built by Galileo had the 
unfortunate effect of producing ‘false color’ round any bright 
object. A star, for instance, would seem to be surrounded by 
colored rings. This was both inconvenient and a handicap to proper 
observing, and at the time nobody knew what was the cause. 

As was found later, the root of the trouble was in the fact that 
what is normally called ‘white light’ is not white at all; it is a blend 
of all the colors of the rainbow, from red to violet. When a beam 
of light enters an object-glass, and is refracted, the various 
colors are not bent equally. Red light, for instance, is refracted 
less than blue, and so is brought to focus at a different point. This 
is shown in the figure. The diagram is out of scale, since the real 
difference between the red focus afid the blue focus is extremely 
small—a tiny fraction of an inch. However, the effect was enough 
to make the first refractors very inefficient. 
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I 5 O-FOOT TELESCOPE USED BY 

HEVELius. One of the clumsy '‘aerial tele- Even Newton was puzzled, and it was not until many years 

scopes" of the seventeenth century later that a partial remedy was discovered by an English amateur 

astronomer named Chester More Hall. Meanwhile Hevelius and 
others found that the false color trouble could be reduced by 
making telescopes of very long focal length. 

This seemed to be the only solution, and Hevelius’ best telescope 
had a focal length of 150 feet! It was hopeless to make a tube of 
such dimensions, and so the object-glass had to be fixed to a mast 
90 feet high. When we look at old drawings of the instrument, we 
wonder how Hevelius managed to use it at all; it must have been 
remarkably clumsy and awkward, but he made good observations 
with it, and even produced a star catalogue. (This instrument was 
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QUADRANT MADE AND USED BY 

HEVELiLfs, da led i6^g , From an old 
woodcut 


LUNAR MAP BY HEVELIUS, HevellUS^ 

map was probably th£ best of its time; it was 
drawn with the greatest care^ and was very 
good in mew of the low-powered but clumsy 
telescopes with which Flevelius had to work. 
His system of nomenclature for the lunar 
features did not^ however^ meet with approval^ 
and was soon superseded by that of Kkcioli 



not the longest of the ‘aerial telescopes’. Christiaan Huygens used 
a 2io-root refractor, and the French astronomer Adrien Auzout is 
said to have designed a 6oo-foot telescope, though it was never 
built) 

Hevelius is best remembered because of his catalogue of comets, 
w'hich was the best of its time, and because of his work in con¬ 
nection with the Moon. He seems to have realized that tlic dark 
areas are plains and that the brighter areas are mountainous, and 
he made measures of the peak-heights which were better than 
Galileo’s, He also named the various features on the Moon’s 
surface, and drew a complete map just under one foot in diameter, 

Hevelius’ scheme was to give Earth names to the lunar craters 
and plains. One large crater was named by him ‘Etna’; another 
crater was ‘the Greater Black Lake’, and so on. The system was 
not convenient, and was soon abandoned. Only half a dozen of 
Hevelius’ names are still used, 

Meanw'hile a Jesuit Professor of Mathematics, Francisco 
Grimaldi, had been observing the Moon in order to draw up a 
map. The map was actually published by another Jesuit, Giovanni 
Riccioli, who was considerably older than Grimaldi (he was born 
in 1598) and taught first at Padua and then at Bologna, As a 
theorist Riccioli was by no means outstanding, and he rejected 
the Copernican system, preferring to believe Tycho’s idea that 
the Sun went round the Earth, However, he was a reasonably 
correct observer, and although his map was based on Grimaldi’s 
studies it is possible that he made some contributions himself. 

After careful thought he decided to reject Hevelius’ names, and 
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THE LUNAR GRATER PLATO. Tkis WOS 
the formation which Hemiius called Hhe 
Greater Black Lake\^ itsfoor is very dark in 
huBy and is relatively smooth. The full dia^ 
meter is 6b miles. The crakr is circular^ but 
appears elliptical due to foreshortening 
effects. Any small telescope will show it, and 
the darkness of its interior means that it is 
recognizable under all conditions of illumina~ 
lion 



LUNAR craters: REGION OF 

GRIMALDI AND RiGGiOLi. Gfimaidi Is 
the very large formation with an almost black 
floor; indeed, this is the darkest point on the 
A/Don'j surface. The walls of the crater are 
relatively low^ but Grimaldi is always easy to 
recognize; had it been placed nearer the 
centre of the Moon^s visible disk it might well 
have been classed as a minor ^sea\ Riccioli, 
below and to the right of Grimaldi, is rather 
smaller, but has a diameter of about wo 
miles; Its floor contains one very dark area. 
Note the interesting ^ valley^ entering RiccioU 
from the west (left), to which attention has 
been drawn by the Japanese observer 
hiiyamori 


tn use a completely dilTerent system. The dark plains, which he 
thought to be seas, were given attractive names such as the Ocean 
of Storms, the Sea of Showers and the Sea of Serenity. Naturally 
Riccioli used the Latin versions, so that the Ocean of Storms be¬ 
came 'Oceanns Procellar urn", the Sea of Showers ‘Mare Im- 
!>rium\ and so on. (Astronomically, \ve still retain the Latin 
forms.) The craters were named in honor of famous men and 
women, usually those who had been connected with science in 
some way. 

Since Riccioli was an admirer of Tycho Brahe, and believed in 
Tycho’s system rather than that of Copernicus, he gave the great 
Danish observer the most prominent crater on the Moon—a 
56-mile formation in the south, which is the centre of a system of 
extraordinary bright streaks or rays. Copernicus, together with 
Aristarchus—^who had advanced the ‘moving Earth’ theory so 
long before—was, as Riccioli tells us, ‘Hung into the Ocean of 
Storms’, but at least both the selected craters arc very conspicuous, 
Copernicus, like Tycho, is the centre of a ray system, while 
Aristarchus is the brightest object on the lunar surface. 

All the large craters were renamed, Hcvelius’ ‘Greater Black 
Lake’ was christened in honor of the Greek philosopher Plato; 
Julius Caesar and Sosigenes were given less prominent craters near 
the centre of the Moon’s disk; Galileo is to be found towards the 
edge of the Ocean of Storms, and so on. Needless to say Riccioli 
took care to name a large crater after himself, and Grimaldi was 
allotted an even bigger formation close by, 

Riccioli’s system is still in use. Later astronomers added to the list, 
and the largest lunar map so far compiled—that of H, P. Wilkins, 
completed in 1954—includes over 800 separate names. Some of 
them are rather unexpected. For instance, there is a Birmingham 
on the Moon, named after a nineteenth-century Irish amateur, 
John Birmingham, We also meet with Bolton (after an English 
lunar observer), Billy (alter Jacques Billy, a French Professor of 
Mathematics w'ho lived from 1602 to 1679) and even Hell (after 
Maximilian Hell, of Hungary, wiio is best remembered for his 
work on the 1769 transit of Venus), 

In some ways the system has not been well applied. It is true 
that Ptolemy, Eratosthenes and other great men of the past have 
been given suitable craters, but the partly ruined object which has 
been named in honor of Newton is by no means easy to idcnlily, 
though it is in fact the deepest crater on the Moon, and has walls 
rising to more than 30,000 feet above its lloor. Neither do the 
craters called after Galileo, Halley (of comet fame), Horrocks and 
others do justice to the names they bear. However, the general 
scheme will certainly never be altered now* It has been in use for 
over three centuries, and has become firmly established. 

No better maps of the Moon were drawn for well over a hundred 
years after Riccioli’s time. Hevelius was unfortunate; his elaborate 
roof-top observatory was burned down, together with many of his 
unpublished observations, and it is said that the copper-plate oi 
his famous Moon map was afterw^ards made into a teapot. But the 
greatest observer of the period was undoubtedly a Dutchman, 
Christiaan Huygens, who turned his attention to the planets, 
Huygens was a remarkable man. He was born in 1629, and 
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DRAWINGS OF SATURN MADE BY 
HUYGENS 


studied at Leyden, For some years he lived in Parisj and came to 
England, where he met Isaac Newton» He became an expert 
telescopc-maker, and invented a new type of eyepiece which wc 
still term the ‘Huygenian*. More important still were the im¬ 
provements which he made in the construction of watches, 
and his invention of the pendulum clock, Galileo, as wc have seen, 
had paid some attention to the pendulum as a timekeeper, but to 
Huygens goes the honor of being the first to build a clock on this 
principle. 

Galileo had been badly puzzled by the curious appearance of 
the planet Saturn. He had suggested that the globe was triple, but 
when the two attendant bodies disappeared he was completely at 
a loss. Huygens’ telescopes were more powerful, and in 1655 he 
solved the problem, though he did not announce his discovery 
until four years later. 

Huygens saw that Saturn is not triple at all. 'Fhe globe is sur¬ 
rounded by what he calls ‘a thin, flat ring, nowhere attached to 
the body of the planet’, The ring is circular, though seen from the 
Earth it naturally appears elliptical; it measures 175,000 miles 
from side to side, but it is probably no more than ten miles thick. 


THE CHANGING ASPECTS OF 

Saturn’s rings 
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PHOTOGRAPHS OF SATURN, skowiflg 
the ring-system under different angles, LowelX 
OhserDatQry photographs 
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This means that when the ring is edge-on to us, as happens every 
fifteen years or so, it can be seen only as a thin line of light Indeed, 
it disappears except in telescopes of some size. 

The drawings show the changing appearance. In 1958, when 
the ring-system was at its greatest angle to us, the planet was a 
glorious sight; 111 1966 the beauty will temporarily have vanished, 
but afterwards the rings will seem to open out again. No wonder 
that Galileo was mystified. 

It was natural to think of the ring as being a solid sheet of 
material, but we now know that its real nature is quite different, 
Saturn is a massive world and has a powerful gravitational pull, 
so that a solid or liquid ring would quickly be torn to pieces. 
It is composed of a large number of relatively small particles 
moving round the planet in the manner of dwarf moons. These 
particles are too small to be seen separately from a distance of 
over 700 million miles, which explains the "solid’ appearance. 
Some years after Huygens’ announcement, his colleague Cassini 
discovered a gap in the rings which is still known as "Cassini’s 
Division’, and in 1848 a third much dimmer ring was found, 
closer to the planet than the bright pair. 







SATURN* From iin by Patrick Mmr^- Drawing by Z)* A. Hardy 
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HUYGEKS’ ORIGINAL DRAWING OF 
MARS. This^ the first telescopic drawing of 
A^ars to show surface detail^ was made by 
C. Huygens in The Syrtis Major^ the 
most prominent of the dark features^ is clearly 
recognisable 



JUPITER. A photograph taken in red light 
with the j^oo-inch Hale reflector at Palomar, 
The Red Spot is shown. The black disk above 
is the shadow of Jupiter's third satellite^ 
Ganymede^ and Ganymede itself is seen to the 
right of the planet 


So far as wc kiioWj Saturn is unique m the heavens. It may be 
that the rings represent the wreck of an old satellite which hap* 
pened to wander so close to the planet that it was torn to pieces by 
Saturn*s gravitational pull; it may be that there is another explana¬ 
tion. At any rate^ the ring-system forms what may be regarded 
as the most beautiful spectacle in the sky* 

At about the same time Huygens made another interesting 
discovery* Jupiter was known to have four moons, and now it was 
found that Saturn had one of its own. Titan, as the new satellite 
was named, proved to be decidedly large, since it has a diameter 
of well over 3,000 miles. It is in fact bigger than the planet Mer* 
cury, though not so massive. Moreover it has an atmosphere, 
though this was not discovered until as recently as 1944* 

'fhough Titan is actually larger than any of Jupiter's moons, it 
is almost twice as remote from us, and appears much fainter. Any 
modern 3-inch refractor will show it, but Huygens must have 
needed keen eyes to detect it with the clumsy ‘aerial telescope* 
which he had to use, 

Saturn is quite unlike the Earth. Instead of being solid and 
rocky it is composed of cold gas, mainly hydrogen and hydrogen 
compounds, Huygens could not know this, but he soon found that 
Mars at least was much more Earthlike. In 1659 he drew it 
from telescopic observations to show a V-shaped marking known 
today as the Syrtis Major. Probably it is due to living organisms 
of some kind, and by watching its apparent drift across the planet 
from one limb to the other Huygens was able to tell that Mars 
rotates on its axis in about twenty-four and a half hours. The ‘day* 
there is about half an hour longer than on Earth, so that Huygens* 
original estimate was rather too short. 

Huygens made these discoveries when he was living in Holland, 
but in 1665 he went to France, at the invitation of Louis XIV, and 
stayed there for sixteen years. It was during this period that he 
completed his greatest work, the invention of the pendulum clock. 
Unfortunately there were religious troubles to be faced; Huygens 
was a Protestant, and in 1681 all Protestants in France became 
unpopular. Huygens accordingly returned to his native country, 
and died at The Hague in 1695* 

Another astronomer busy in France at this time was Giovanni 
Domenico Cassini. Cassini was born in Italy in 1625, and in 
1650 became a Professor at Bologna. Like Huygens he was a care¬ 
ful observer of the planets; he measured the rotation period of 
Mars, and also that of Jupiter, which was known to be flattened 
at the poles. This fact is particularly interesting. As Cassini 
found, the diameter of Jupiter is 88,700 miles if measured 
through the equator, but only 82,500 if measured through the 
poles. The cause lies in the planet's quick rotation. Instead of 
being about tweniyTour hours long, the ‘day* there is less than 
ten houn long, but as with the,Sun the period is shorter at the 
equator than at the poles. 

In r666 Cassini saw that the two poles of the planet Mars are 
covered with whitish deposits w'hich give the impression of snow. 
There is nothing particularly surprising in this; if s^en from-a point 
far out in space the Earth would show similar polar caps. The 
main difference is that the caps of our world are thousands of feet 
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CASSINlVs DRAWING OF SATURN. 

Tltis is ofif of ihs draufingj mudf in hj 
C. D, CiLssim, It shoiL's thi fanwus 

division in thi rings whkh Cassim dhc^fuered^ 
and which is still kitown by his The 

drawing is naluraUy rough hy modern 
standards^ and ihcshn^ nf thz ring-form is not 
accurate^ bat il was of course made with one 
of the clumsy *aerial Uleseopes* and it is & 
tribale to Cosstni^s skill as an observer that 
the rings are shown in fecogni^ahUform. One 
of the belts erassing the safoce of the planet is 
tfifo shown, lleits on Saturn resemhie those of 
Jupiter^ but are considerably less prominent 




MFASURINO THE VELOCITV OF 

ltohTh This shows the method adopted by 
Ote RoTner. Jupiier (J] is at its closet 
to the Earth light from the satellite 

{S) has a lesser distance to traveij and so its 
eclipses ore than had been predicted 


thick, while tho^ of Mars cannot be more ihan a few inchcR deep 
at most. Mars is, in fact, despcraidy short of water. 

It w^as in r666, too^ that the French astronotticr Adrien Aiizout 
pointed out that it wa3 time to establish a national observatory 
equipped with the best instruments available. Up to this time 
there had been only one such establishment—at Copenhagen, 
which had been completed in iGf^G and was burned down during 
the following century. All the great obsiervers, such as Galileo, 
Hevelius and Huygens, had built and set up their own equipment, 
Auzout wanted to aher all this, and fortunately the French King, 
Louis XI\', was a patron of science. The result was the lounding 
of the fanioiis Academy of Sciences in Paris, and no time was h>si 
in starling the construction of an observatory. Cassini seemed to 
be the obvious man to direct it, and he accepted an imitation to 
come to France. 

Difficulties arose almost at once, mainly because the King 
wanted his ohsen^atury' to look magnificent and Cassini w^as more 
interested in its scientific value. As soon as Cassini arrived and 
saw the halLfinishcd building, he told Louis that unless it was 
drastically altered it would be of no use whatever^ Louis was far 
from pleased, and a serious quarrel was only narrowly avoided. 
Fventually Ca;S5tni erected his instruments in the open air outside 
the obser%'alory^h This w'as by far the best plan, since he was still 
forced to use 'aerial telescopes' of small aperture and enormous 
focal length. How^ever* it was at least a beginning, and ever since 
then the Paris Observ atory has been one of the most important 
in the world. 

'Hie French skies are less clear than ihose of Italy, but Cassini 
was able to carry on his work* He discovered four more satellites 
of Saturn, now^ knowm as lapetus, Rhea, Dione and Tethy^^s; in 
1675 he found the famous Division in Saturn's ring-system; he 
fixed the rotation period of Mars at 24 hours 40 minutes, which is 
only three minutes too long, and he was almost as successful in the 
case ofjupiter. Even more remarkable was his work in connection 
with the distance of die Sun. Kepler had believed the Sun to be 
only 14, coo, 000 miles away from us, but Cassini amended this to 
86,000,000 miles* Since the real value is 93,003,000 miles, he was 
not very w^ide of the mark* He never went back to his homeland, 
and when he died in 1712 his son Jacques Cassini succeeded him 
as director of the Paris Observatory. 

One nf Cassini's colleagues at Paris was a Dane, Ole Romer, 





APPARENT MOVEMENT OF MARS 
AMONG THE STARS, 1960. At this 
time Mars was nea r opposition, and 
the constellation of Gemini^ with the 
^twins^ Castor and Pollux^ is shown; the 
shift of Mars is very obvious^ The dates of 
the photographs are: (upper) October 26^ 
(right) November ig^ (lower) December 26, 
Color photographs taken by K. S. G. Stocker 



who was responsible for yet another great advance—the measure¬ 
ment of the speed of light, 

Cassini had made careful measures of the satellites of Jupiter^ 
and had produced tables of their movements which were much 
the best in existence. In particular it was possible to work out 
when the four moons should be eclipsed by Jupiter’s shadow, just 
as our Moon is sometimes eclipsed by the shadow of the Earth, 
However, he found that his predictions were often wrong; at times 
the eclipses occurred too early, at other times too late. There 
seemed to be nothing wrong with the tables of movements, and the 
eclipses of the satellites were not difficult to observe. Anyone who 
is equipped with a small telescope can watch them and can time 
them accurately, 

Cassini wondered whether the speed of light might have some¬ 
thing to do with the errors, but he did not follow up the idea, 
Romer did. He discovered that eclipses occurred too early when 
the Earth was at its closest to Jupiter; when Jupiter and the Earth 
were farthest apart, the eclipses of the satellites were too late— 
simply because the light from them had taken longer to reach us, 
as shown in the diagram, Romer calculated that instead of moving 
instantaneously, light travels at a rate of j86,000 miles per second. 
This was an excellent result^ and is very close to the value fixed by 
modern methods, 

Romer’s work did not end here. In 1681 he went back to Den¬ 
mark and became Professor at Copenhagen, where he was respon¬ 
sible for various improvements in astronomical instruments, 
leaving Cassini to continue observing at Paris, 

Clearly, then, observational astronomy had made great strides 
since Galileo had first turned his tiny telescope to the heavens in 
the winter of 1609* But theoretical work had been making even 
more striking progress, and this brings us to the greatest figure in 
the whole history of astronomy—Isaac Newton, 
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&TATUB OF TAij photo^afiii^ 

iak^n ftjp Pairick M&oti or ig6it a 

statue ^ jiffwion ii^hkh has hesTi sei up in the 
Lincolnshire town qf Gf an thorn. U was in this 
tmm that Jiswton rcsdved his education^ and 
hk birihpfiics^ Wcolstharpe^ is nat Jar ojf^ li 
was in Lincoinshirc, iao^ that Jifeatitm carried 
out Tniich qf his important work — 
during the Plague period^ when Camhridge 
Ummsif^ was cbsetL the stttdents 

had been sent back to their homes 


COFERN1CU5 HAD TAKEN thc first real stcp in working out a 
correct picture of the universe. Kepler, Galileo and others had 
prtjved that the Copemican theory was coircctj and that the Sun, 
not the Earth, lies in the centre of the planetary s>^stem* Yet many 
problems remained, and it was left to Isaac Newton to put astrono¬ 
mical science upon a really firm focjting, 

Newton was bom at Woolstliorpe, near Grantham in Lincoln¬ 
shire, in 1642. His father died before he was bom^ and his mother 
wa$ left in charge of the family farni+ There was little money to 
spare, and moreover England was in a disturbed state, since thb was 
the time of the civil war between King Charles I and CromwelFs 
Roundheads. Isaac went to the village school, but showed no signs 
of unusual intelligence. All we know of his early school career is 
that he was pardrularly fond of making models. 

When he was twelve he was sent to Xing^s School, Grantham, 
which had been founded over a century earlier by Henry VHL 
For Ins first few terms he remained near the bottom of his class. 
Then—according to a story wliich may or may not be true—a 
bigger boy^ who was above Newton in form, jeered at him and 
kicked him. Newton had no intention of bearing such treatment, 
and a fight followed, ending only when Newton had beaten his 
rival and rubbed his nose against the w^all. From that dme on he 
w^orked hard^ and reached the top position in the school. 

Meanwhile lus mother had married again, but in t6fj6 her 
second husband died^ and Mrs. Newton brought Isaac back from 
Grantham to help her run the farm. I'he experiment was not 
successfuL The boy was not in the least interested in farming; 
it is said that when he was supposed to be keeping an eye on the 
laborers he used to spend his time sitting behind a hedge, 
working out problems in mathematics. Wisely his mother sent 
him back to Grantham, and m 1G61 he went to Cambridge 
Universityj enrolling as an undergraduate at Trinity College. 
Here hr met Professor Isaac Barrow^, who became his tutor in 
mathematics. 

Barrow was the son of a linen draper. Like Newton he had done 
little work during his first years at school, and had distinguished 
himself only by liis fondness for fighting. As he was very strong, 
and won far more fights than he lost, he was held in respect by the 
other boyB. Later he went to Cambridge, and became a Fellow of 
Trinity College. During the Cml VVar be left England^ and 


PROnUCTION OF A SPECTRUM* 
a beam of oppaTentiy ^white' light is passed 
through a prism^ zf is split up into liJ com- 
pouetit eohrsj and in Ais color photograph 
the production of a rainbow or oontinuous 
spectrum is shown. This ^ect was first noted 
by jyewton 
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A J2'5-INGH NEWTONIAN RE¬ 
FLECTOR, This photograph shows a typical 
Newiotiian rejieclor on an equatorial mountings 
The focal length is iso uickes. The telescope 
was used by an English nineteenth^century 
observer^ W. F. Dennings for his studies of 
planetary surfaces. It is now installed at Henry 
BriniorCs private observatory at Selsey^ in 
Sussex. Photograph by Patrick Moore 



THE I20-1NCH LICK REFLECTOR* 

This is one of the most modern of large 
reflectors^ and is the second largest telescope 
in the world; it is surpassed only by the 
Palomar 200-inch. The tube is a skeleton, and 
the large size of the instrument means that 
various optical systems can be used 


travelled around Europe and Asia Minor* Although he was now 
a well-known scholar, he still kept his love of fighting, and on one 
occasion he showed his courage very plainly. During a sea voyage 
from Leghorn to Smyrna his ship was attacked by pirates. 
Barrow was not to be frightened; he stayed on deck, and fought 
so bravely that the pirate vessel sheered off. 

Barrow was a Royalist, and came back to England after Charles 
II returned to the throne in 1660, In 1663 he was appointed to the 
'Lucasian Chair’ of mathematics, so called because the money to 
found the appointment had been provided by the will of a Mr* 
Lucas* 

Barrow was a strong-minded man as well as a clever one, and 
he was the ideal tutor for the rather shy and retiring Newton. 
The two worked very happily together. Newton took his scientific 
degree in 1665, and it is worth noting that in i66g Barrow resigned 
the Lucasian Chair of mathematics so that Newton could succeed 
him. Clearly, then, he had great faith in his pupil’s ability, and 
this faith was more than justified in later years. 

Fresh disasters had come to England. In 1665 the Great Plague 
struck London; 17,000 people died during August of that year, 
and 30,000 during September. The King and his Court left London, 
but cases of plague were reported from other parts of the country, 
and there was no real safety anywhere. When the disease reached 
Cambridge the authorities wisely closed the University. All the 
students were sent back to their homes, and Newton accordingly 
returned to Woolsthorpe, 

To most men such an interruption would probably have been 
a handicap, but to Newton it was an advantage. He was able to 
work quietly, on his own, and with no money troubles. For the 
next year or so he was left in peace, and he managed to do a 
tremendous amount of research. 

One subject which interested him was the nature of light. We 
have seen that the object-glasses of early refractors produced false 
color, and that this is due to the unequal bending of the different 
colors which blend together to make 'white’ light, Newton 
demonstrated this by an ingenious experiment. He passed a beam 
of sunlight through a prism, and split it into the usual rainbow* 
He then passed one particular color—violet, for instance—through 
a second prism. No second spectrum was produced, which proved 
that the violet light was not a blend of different colors. 

Newton’s aim was to produce an achromatic object-glass—that is 
to say, a lens which would not produce false color. Unfortunately 
he could see no way of doing it, and after considering the matter 
carefully he decided that there was only one solution. He must 
build a telescope which did not need an object-glass at all. 

Some years earlier, in 1663, a Scottish mathematician named 
James Gregory had suggested using a mirror to collect light in¬ 
stead of a lens* Gregory never built such an instrument—as he 
himself admitted, he had no practical skill—but Newton developed 
the idea, and produced the first reflector. His arrangement was not 
exactly the same as Gregory's, but it was more convenient, and is 
much more widely used today. 

With Newton’s arrangement, the light from the Moon (or 
whatever object is to be studied) passes down an open tube until 
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it hits a mirror at the lower end. This mirror is curved^ and 
reflects the light back up the tube, directing it on to a smaller 
mirror or flat placed at an angle of 45''. The flat sends the rays 
into the side of the tube, where they are brought to focus; the 
image is magnified by an eyepiece in the normal way. In a New¬ 
tonian reflector, then, one looks into the tube instead of up it* 

Since a mirror reflects all parts of the spectrum equally, the false 
color trouble does not arise, and Newton’s first instrument was 
very successful. It had a metal mirror 1 inch in diameter, 
and was presented to the Royal Society of London in 1672* It 
caused a major sensation, and led to quarrels between Newton and 
some of his fellow-scientists who disagreed strongly with his views 
about the nature of light. 

Newton’s reflector looks very small when compared with modern 
instruments. Today many amateur observers have reflectors 
with mirrors 6, 8, 12 or even 18 inches in diameter—made not of 
metal, but of glass coated so as to give high reflectivity. Moreover 
many amateurs make their own mirrors, grinding them carefully 
into the correct optical shape* Neither is it necessary to have a 




NEWTON'S FIRST REFLECTOR. The 

photograph shows a replica of the first 
reflecling telescope^ demonstrated hy Newton 
to the Royal Society. The mirrory / inch in 
diameter^ was made of speculum metaL 
Though it was so small, the telescope func-- 
tioned perfectly^ and demonstrated the 
soundmss of Newton's arrangement 


THE MOUNT WILSON 60 -INGH RE¬ 
FLECTOR, from the north^wesL This 
was the first of the large Mount Wilson 
reflectorSj made by Ritchey at the instigation 
of George Ellery Hale; it is interesting to 
make a comparison between this vast instru¬ 
ment and the original small telescope made hy 
Newton. Large refUctors such as the 6o~irtck 
are seldom used for visual observationsy and 
nearly all their work is carried out by means of 
photography 
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AN 8*5-INCK NEWTONIAN REFLEG- 
TO R . This has an equatorial rmunting madr 
in the iate nirwltenth cmtaiy by Eraitming* 
The focal length is inches. Photograph by 
Patrick Moore 



ORAVITATION AL EFFECTS OF THE 
EARTH UPON THE MOON. This dia¬ 
gram, which is not to scale, shews the Moeri's 
path round the Earthy But fir the preseacc if 
the Earthr we may suppose that the AMaon 
would move from AI to A// in one minute. 
However^ tlte Earth*s grauitational pull 
means that instead f moving unijbrmly from 
jVf fcp A//j the iMoon is *pulled to A/^, 
£t may be said that the Ahon has fallen' 
from Mi to Ms in me minute, aiid it goes on 
falling^ all the time^ though it does not drop 
any closer to the ground 


solid lube; with many reflectors the 'tube* takes the form of a 
skeleton framework rigid enough to hold the large mirror and the 
flat firmly in position. In proffessional observahiries, really giant 
reflectors have been set up. The largest in the world at present^ 
the Palomar irlcscope in America, has a mirror aoq inches across, 
while the Russians arc working upon an even bigger instrument 
with a a3S-inch mirror. 

On Gregory's plan the light wa» to be reflected back down the 
tube by a smaller curved mirror, as shown in the diagram on page 
73, and passed to the eyepiece by w^ay of a hole in the main mirror. 
This is aiso the case with the ‘Cassegrain* arrangement. Many such, 
reflectors exist today. 

Yet Newton's principle is so convenient, and so sound, that it is 
by far tlie most popular, at least for telescopes of less than 18 incheg 
aperture^ In some ways there can be no doubt that a reflector is 
better than a refractor; not only is there no fake color, but a 
mirror is much cheaper and easier to make than a lens of equal 
lighugathering power. Naturally there are disadvantages also, 
but the ideas put forward by Newton still hold good in modem 
astronomy, 

Newtonk name will always be associated witli the laws of 
gravilation, and this research too w^as begun at the time when 
Cambridge iJniversicy was closed because of the Plague danger. 
This brings us to the story of the falling apple—which is parti¬ 
cularly in teres ling because it seems to be true. 

According to the tale, Newton was sitting in his Wookthorpe 
garden one afternoon when he saw an apple fail from a tree 
branch to the ground. He began to w^onder why the apple had 
fallen. There must be some definite force which pulled it to the 
ground; but wiial w^as this force, and how tar did it extend? 
Gradually Newlon began to see that the force which pulled on the 
apple was the same as the force which keeps the Moon in its path 
round the Earth—or the Earth in its path round the Sun. This led 
him on to the idea of universal gTaiiiationf accotd.ing to which every 
particle of matter at tracts every other particle with a force which 
becomes w^eaker with increasing distance. 

Put in this way, the story is Dvcr-simplificd; it must have taken 
Newton a long dme to come to his decision and many months of 
hard work to express it in proper mathematical form. But the 
apple was the starting-point, and it will be helpful to follow the 
reasoning further. 

Suppose then instead of being so feet or so in height, the tree 
had been 200 feet, or even 200 miles? The apple would sdll have 
dropped to the ground, gathering speed as it fell. This would also 
apply to a tree 239,000 miles in height. The Moon is 239,000 miles 
away from us—50 why does it not fall, just as the apple did? 

Newton found the answer. The reason why the Moon docs not 
drop is because it is moving. It is not ca$y to give a correct every¬ 
day analogy, but some idea of what is meant can be gathered 
from taking a cotton-reel and whirling it round on the end of a 
string„ The reel will not fail so long as it continues moving quickly 
enough for the string to re mam light, and the Earth's pull on the 
Moon may be said to act in much the same way as the string on 
our cotton-rccJ. 






7a 


Now suppose that the man holding the string lets go suddenly. 
The reel will then fly off in a straight line. If we neglect the pull of 
the distant Sun^ we can sec that the Moon too would move off in 
a straight line if the Earth were not pulling upon it, and Newlon 
realized that any moving body will continue its motion in a straight 
line unless some outside force is acting on it- This is the famous 
hw of irurim. 

Newton knew the force of the Earth’s pull at ground-level^ since 
this was the force affecting the apple, and he found the law 
according to which the force should weaken with increasing 
distance from the Earth. According to his calculations the Moon 
should Tall^ 15 feet per minute, which would of course be the 
distance between Mi and M2 in the diagram- 

This did not agree with observation; the distance Tallen^ in one 
minute is not 15 feet, but only 13 feel. As Newlon said, the figures 
^agreed pretty nearly^ but not well enough to sadgfy him. 

In this sort of calculation, a body such as the Earth behaves a$ 
though all its mass were concentrated at a single point at the centre 
of the globe. As Newton had to make his observations from the 
Earth's surface, he had to know the distance from the surface to the 
centre of the globe. In other words, he had to know the value of the 
Earth's radius- There is a story that the 9 -foot error in ihe fall 
of the Moon due to Newton's having used a wrong value for 
the Earth's radius. This story, however, is not true; one link in the 
mathematical argument was still missing, and it was not until 
years later that Newton found out what was wrong. Meanwhile 
he found that in order to make his calculations he had to develop 
an entirely new branch of niathematics. He c alled it the * met hod 
of fluxions', but h corresponds to what we now term the cokulus^ 

Newton returned to Cambridge after the end of the Plague 
danger, and in 1672 he was elected to the Royal Society, a 
scientific body which had been founded early in the reign of 
Charles IL He was still comparatively unknown; he bad said 
nothing at all about his researches into gravitation, and his fir^t 
official contribution to astronomy w^as his reflecting telescope. 
Unfortunately he had an immediate disagreement with another 
Fellow of the Royal Society, Robert Hooke, who w^as to play an 
important part in Newlon's life. 

Hooke was seven years older dian Newton, and a man of 
different type- He was physically weak, and it is said of him that 
*his figure was crookedj his limbs slirunken; his hair hung in 
dishevelled locks over his haggard countenance- His temper was 
irritable, his habits $oiitaryp^ He was violently jealous and sus¬ 
picious, and frequently claimed the credit for work which had 
been done by others. This is not to say that Hooke was dishonest. 
He w^as in fact perfectly well-meaning, and there can be no doubt 
that he was brilliantly clever. His activities spread into all branches 
of science. He invented the 'universal joint’ known to every 
mechanic, and also made some meteorological inslruments, such 
as the hygrometer for measuring the wetness of the air. On the 
other hand he studied so many things that he seldom followed any 
pardcular investigation through to the end, as Newton did, and 
though he was an excellent mathematician he was by no means 
Newton’s equal. 



FOUIl TYPES OF REFLECTORS 
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LUNAR DRAWING BY HOOKE. Robeu 

Hooke was one of the frst observers to study 
the Moon in detail. T^his drawing shows some 
craters in recognizable form^ and is remark¬ 
ably accurate considering the low-powered 
telescope with which it was made 


Hooke admitted that the new reflecting telescope was effective, 
and hinted that he had himself made one as long ago as 1664. 
However, he was strongly critical of Newton’s theories * about 
light, and Newton was a man who hated criticism. He was 
touchy and sensitive, and was always reluctant to become involved 
in arguments. He did have some angry exchanges with Hooke 
and others, but on the whole he preferred to say as little as possible, 
and he even refused to publish parts of his scientific work. Indeed 
his most important studies on the nature of light, contained in his 
book Opticksj remained unpublished until 1704, after Hooke’s 
death. 

Other leading members of the Royal Society at that period were 
Edmond Halley, who later became famous because of his work 
concerning the comet which now bears his name, and Sir Christo¬ 
pher Wren. Wren is best remembered as the great architect who 
was responsible for the design of St, Paul’s Cathedral following 
the Great Fire of London, but he was also an astronomer, and had 
at one time been a Professor of Astronomy at Oxford University. In 
1684 Hooke, Halley and Wren discussed the problem of gravita¬ 
tion, and came to the conclusion that what we now term the 
inverse square must be true. 

Hooke had published a book on gravitation, containing many of 
the same conclusions as those which Newton had reached during 
his years at Woolsthorpe, Hooke, then, knew that the force 
betwxen any two bodies will become weaker if the bodies are 
moved farther apart, and he believed that he had discovered the 
amount of this weakening. It can be explained by simple 
arithmetic, so let us take a convenient case of two planets which 
revolve round the Sun at distances of 2 million miles and 5 million 
miles respectively, as shown in the diagram on page 75. (No planet 
is so close as this; Mercury, the nearest-in, is 36 million miles from 
the Sun, but the basic theory is just the same.) 



hygrometer made by HOOKE, 
This was one of the many scieniife instru^ 
Tnents developed by Hooke; indeed^ his 
researches extended into almost all branches 
of science 
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THE INVERSE SQ^UARE LAW. The dia¬ 
gram illustrates the case of two hypothetical 
planets, one at 2,000,000 miles from the Sun 
and the other at ^,000,000 miles. By applica¬ 
tion of the inverse square law, Newton dis¬ 
covered the relative gravitational force exerted 
on the two bodies. Of course, no planets exist 
so close to the Sun — Mercury, the innermost 
member of the Solar System, has an average 
distance of ^6,000,000 miles—but the prin¬ 
ciples are exactly the same whatever the 
distances may be. Various scientists, including 
Hooke, had realized that the inverse square 
must hold good, but only Newton could at that 
time produce a valid mathematical proof 


Two squared, or 2 X 2, is 4. Five squared, or 5 X5, is 25. Then 
according to the inverse square law, the Sun’s force on the two 
planets will be in the ratio of J to so that the force on the more 
distant planet will be only ^ of that on the nearer planet. If this 
is so, then it can be shown that each planet will move in an orbit 
which is not a circle, but an ellipse. 

Hooke guessed this, but he was not a good enough mathemati¬ 
cian to prove it. Neither were Halley and Wren, and eventually 
Halley went down to Cambridge to consult Newton. He was very 
surprised to learn that Newton had solved the problem years 
before, but had not announced it, and had even lost his notes! 

Halley persuaded Newton to rework his calculations and to 
allow them to be published. Newton agreed, and during 1685 and 
1686 he worked on the book which he called the Philosophic 
Naturalis Principia Mathematica (‘Mathematical Principles of 
Natural Philosophy’), but which is known to everyone simply as 
the Principia. 

Halley’s idea was that the book should be published by the 
Royal Society, but there were money difficulties; the Society had 
just issued a tremendous book by Francis Willughby called The 
History of Fishes, and the book had been a financial failure. (Later, 
when Halley was a salaried official of the Royal Society, he was 
presented with fifty copies of The History of Fishes instead of being 
given ^50 which the Society owed him. Halley is known to have 
had a strong sense of humor, but whether he was amused or not 
remains uncertain.) 

There was the added trouble that Newton was being constantly 
irritated by his disputes with Hooke and others, and he was quite 
capable of changing his mind and withdrawing the Principia 
altogether. Halley knew this, and generously offered to pay for the 
publication out of his own pocket. This was done, and the book 
appeared in print. 

The Principia had taken Newton fifteen months to write, and has 
been described as the greatest mental effort ever made by one 
man; it has ensured that Newton’s name will live for all time. 
Many of the age-old problems of astronomy were solved at one 
stroke. As well as dealing with gravitation and the movements of 
the planets, the Principia contained sections dealing with matters 
such as the tides, whose cause had not previously been understood. 
It is impossible to describe the book in a matter of a few lines, but 
those who have studied it can only wonder that a man still aged 
less than fifty could have accomplished so much. 

Newton lived for forty years after the publication of the Prin¬ 
cipia, and continued his scientific work. He was also active in other 
directions; he entered Parliament for a time, and became Master 
of the Royal Mint, helping to revise Britain’s coinage—which 
badly needed attention, since many of the coins in circulation had 
been reduced in value by having pieces chopped off them. In 1705 
he was knighted by Queen Anne, and he also became President 
of the Royal Society. Two further editions of the Principia were 
issued before Newton died in 1727, and was—fittingly—buried in 
Westminster Abbey. 

Newton was not infallible. He made mistakes, and some of his 
ideas sound strange today. For instance he spent a great deal of 
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TITLE-PAOE AND SPECIMEN PAOE FROM 
'THE Fruidpis — or^ gii}€ the book its Ji^U 
title Philosophic Naturalis Pnncipia 
Math«ziadca„ This has ofien hem r#- 

garded as the ereaksi seimtify work ever ^ i l t i n ■ > t- 

dmc oxpcnTnentmg m alchemy ^ Lhc so-callcd science of makiog 

gold firom other materials. It would be wrong to suppose that gold¬ 
making was the only aim of the alchemists; they were searching 
for hidden iruthSj and they also hoped to find the key to ever¬ 
lasting life and eternal youth. Newton regarded this as quite 
possibk-j and he also made careful studies of old writings in an 
effort to find hidden meanings in them; he left a mass of notes and 
manuiiCripts which are only now being properly studied to see 
whether they have any value except to the historian, 

Newton was touchy and intolerant, and this was one reason 
why he became involved in so many disputes. For Instance 
there was a long argument with a German mathematician^ 
Gottfried Leibnitz, as to who had invented the cakuluSH The truth 
of the matter is that Newton’s 'method of fluxions* and Leibnitz^ 
calculus had been developed at about the same time; very pro¬ 
bably Newton was the first to make use of it, but Leibnitz' methods 
were more convenient, and became univcrsaJly adopted. The 
qiiarreJ was long and bitter, and was still raging when Leibnitz 
died in 1716, 

Yet Newton’s scientific errors were reladvcly few, and his 
Pnnripia did more Ibr astronomy than any other book before or 
since. Those who follow' its arguments, and who bear in mind that 
it represented only a part of Newion^s work, will hardly question 
that he was dm greatest sciendfic genius not only of his owm timCf 
but perhaps of all time. 
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HERSTMONCEUX CASTLE, site qf the 
present-day Royal Greenwich Observatory. 
The Castle y which is near Hail sham in 
Sussexy was photographed by Patrick Moore 
white alteratmu to it were still being made 


OLD GREENWICH. The original Royal 
Observatory as it rnust have appeared in 
Flamsteed's time 


THERE ARE STILL somc people who regard astronomy as a use¬ 
less science—interesting, no doubt, but of no practical value. Such 
people forget that astronomy is the basis of all timekeeping and 
navigation, as well as being of practical use in other directions. 
It is true, for instance, that Britain's leading observatory, Green¬ 
wich, was founded in 1675 at the express order of King Charles II 
to assist British sailors, 

Britain has always been a seafaring nation, but in the seven¬ 
teenth century maps were by no means accurate. To make 
matters worse, navigation was still in the hit-or-miss stage. After a 
voyage lasting for a week or two, sailors far out of sight of land 
seldom had much idea of where they were. 

To fix one’s position on the surface of the Earth it is necessary 
to obtain latitude and longitude. Finding latitude presents no 
particular ^difficulty, since it may be obtained by measuring the 
apparent positions of the star^; as we have seen, the altitudes of the 
Celestial Pole above the horizon, given in degrees, minutes and 
seconds of arc, is equal to the latitude of the observer. In the 
northern hemisphere of the Earth, therefore, all that is necessary 
is to measure the height of the Pole Star and then make a slight 
correction to allow for the fact that the Pole Star is not exactly at 
the polar point. There is no bright south polar star, but a sailor of 
the Middle Ages could always workout his latitude with reasonable 
accuracy. The real problem lay in finding the longitude. 

A ship’s longitude is the difference between the meridian which 
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THE ROYAL OBSERVATORY IN FLAM¬ 
STEED’S TIME, ^71 interioT view^ showing 
obsewers with quadrant and telescope 



Harrison’s no, i marine chrono¬ 
meter, This was the Jirst "dock' which 
proved capable of keeping time accurately aver 
long sea voyages 



THE MERIDIAN LINE AT GREENWICH 
OBSERVATORY. This line at the old 
Royal Observatory [now known as Flamsteed 
House) marks the boundary between the 
eastern and western hemispheres. Reckon¬ 
ing has not been altered by the shift of the 
Royal Observatory from Greenwich Park to 
Herstmonceux, Photograph by Patrick Moore 


she happens to be on, and a standard meridian such as that of 
Greenwich. Local noon is easily found, since this is the moment 
when the Sun is at its greatest height above the horizon, A reliable 
clock will give Greenwich time at this particular moment, and so 
the longitude of the ship may be calculated, 

Unfortunately sailors of Charles ITs day had no good clocks, 
Christiaan Huygens had attempted to produce a timekeeper 
which would be useful to sailors, but was unable to make it accur¬ 
ate enough, and it was not until the following century that John 
Harrison, son of a Yorkshire carpenter, developed a chronometer 
which was adequate for use at sea. 

As long ago as 1474 Regiomontanus had suggested that the best 
way to measure longitude would be to determine the position of 
the Moon with respect to the stars. Since the Moon is so close to us 
on the astronomical scale, it moves across the starry background 
at a rale of about 13 degrees per clay. The position of the Moon 
among the stars therefore acts as a clock to indicate the time; and 
once the time is known, longitude can be worked out, 'fhe need, 
then, was to measure the Moon’s position accurately. It was also 
necessary to have a really reliable star catalogue. 

The best catalogue available was Tycho Brahe’s, However, the 
star positions had been drawn up with the aid of instruments 
without telescopic sights, and a better catalogue had become 
urgently needed, 

A Frenchman visiting England, Saint-Pierre, put forward an 
alternative scheme which also involved knowing the positions of 
the Moon and stars. His method, unlike that of Regiomontanus, 
was not practicable, but the King heard about it, and appointed a 
committee of Royal Society members to investigate the whole 
problem of longitude-finding. The committee was headed by the 
Rev, John Flamsteed, already known as a skilful astronomer. They 
presented a report, saying that longitudes could indeed be found 
by using the ‘Moon clock’—^if only there were a good enough star 
catalogue. Charles accordingly ordered that a special observatory 
should be set up, and a new star catalogue produced for the use of 
British seamen. 

The site selected was the Royal Park at Greenwich, which was 
then a small village well outside London, Typically, the King 
raised the money for it by the sale of ‘old and decayed’ gun¬ 
powder, and the original buildings—which still stand—were 
designed by Sir Christopher Wren, Flamsteed was appointed 
royal astronomer, later given the official title of Astronomer 
Royal, and instructed to begin work on the catalogue. However, 
the King’s generosity did not extend to supplying telescopes or 
other instruments; Flamsteed was expected to provide these for 
himself! 

Flamsteed was born at Denby, near Derby, in 1646, and took 
his degree at Cambridge, He was never strong, and he was a 
sensitive, irritable man who quarrelled not only with Newton, 
but also with many other leading men of the time. Yet it is difficult 
to blame him. He began his great work under tremendous 
difficulties, and his salary was so smalt that he had to earn extra 
money as well as carrying out his work as Astronomer Royal. 
He was a brilliant observer, and as time passed by he was 



















FLAMSTEED HOUSE— the oM Royal 
Observatory as it is today^ showing the 
Octagon Room surmounted by the time-ball. 
Photograph by Fairick Moore^ ig6i 


able to add to the observatory equipment as well as engaging 
assistants. 

Trouble began when Newton asked for his observational results, 
and Flamsteed was reluctant to provide them—mainly because he 
was not completely satisfied with them. The quarrel was patched 
up for a while, and in April 1704 there is a record that Flamsteed 
and Newton met at Greenwich, apparently on friendly terms. At 
this meeting Newton asked for a report on the star catalogue for 
which astronomers all over the world were waiting. Flamsteed 
replied that he was almost ready for printing arrangements to be 
made, and Prince George of Denmark, husband of the new 
sovereign, Queen Anne, generously promised to provide the 
necessary money for publication. 

Still Flamsteed was not quite ready, but he handed the Royal 
Society committee a copy of his observations as well as an incom¬ 
plete manuscript of the catalogue itself. He made it clear that the 
catalogue was not to be printed as it stood, but was to wait until it 
had been completed and checked; the observations, however, could 
be produced, and printing was begun. 

Four more years went by, and still Flamsteed did not submit 
his finished catalogue. Other disputes arose, and came to a head in 
17 j I with the publication of Flamsteed's observations. They 










































































HALLEV’s COMET AND VEKUSj 
photographed by Siipher in igjo 


took the form of a large book containing not only the observations 
which Flamsteed had passed for publication, but also the star cata¬ 
logue, which he had not. What had happened was that the Royal 
Society committee had become tired of waiting, and had asked 
Edmond Halley to make the best of things, Halley had therefore 
supplied whole pages of material on his own account, and had 
added a preface which could not be anything but harmful to 
Flamsteed’s reputation. 

Flamsteed was angry and indignant, particularly with Halley 
and Newton, He wanted to revise the catalogue and reissue it, 
but Newton held some of the observations and refused to give 
them up. In 17153 large number of copies of the book fell into the 
Astronomer Royal’s hands—and he publicly burned them ‘that 
none might remain to show the ingratitude of two of his country¬ 
men’, Flamsteed himself died in 1719, but the revision of the 
catalogue was finished by two of his assistants, Crosthwait and 
Sharp, and published in 1725* 

At least the final catalogue, published by Crosthwait and Sharp 
under the title Historia proved to be well worth waiting 

for* It included nearly 3,000 stars, and was far more accurate than 
Tycho’s, It represented the first major contribution to science 
provided by the Royal Observatory, and it ensured that Flamsteed 
will always be remembered as one of the greatest of astronomical 
observers. 

However, it did not solve the problem of longitude-finding. 
As well as knowing the positions of the stars, one has to have a 
sound knowledge of the movements of the Moon, Flamsteed had 
not been able to pay a great deal of attention to the Moon, and 
this question was tackled by his successor as Astronomer Royal, 
Edmond Halley, 

Halley was born in 1656, His parents were well off, and he 
did not have to face money troubles. He went to Oxford, but left 
before taking his degree in order to sail for the island of St. Helena, 
where Napoleon Bonaparte was exiled a century and a half 
later. There was a good reason for Halley’s journey, Tycho had 
catalogued the northern stars, and Flamsteed was just beginning 
work on the Greenwich catalogue, but the southern stars which 
never rise over Europe had been completely neglected, Hailey’s 
main object was to catalogue them as well, 

St. Helena was not a particularly good choice, and Halley 
was troubled by bad weather. Nevertheless he was able to 
draw up a catalogue of 381 stellar positions, and well earned his 
nickname of ‘the Southern Tycho’, When he returned and pub¬ 
lished his observations he became world famous, and O^fford 
University granted him an honorary degree, 

Halley first came into close contact with Newton at the time of 
the ‘inverse square taw’ discussions, and the two men always 
remained on friendly terms. As we have seen, Halley was mainly 
responsible for the appearance of the Principia^ and made himself 
responsible for the cost of printing. This may well be regarded as 
his greatest contribution to science; without Halley, Newton’s 
immortal book might never have seen the light of day, ^ 

Just as Newton’s name is always linked with gravitation, so 
Halley’s is associated with the famous comet. In fact it was 
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Halley's hiAGNErri; chart. Though 
isslronomy was haliey's main study fu alsn 
paid attention fff other hTairches of science. 
During his voyage to St. Helena he noticed 
that the camptuf needle did not point due 
norths, and /Torn this he deduced ^correcity—^ 
that the north magnetk pole is mi situated 
the geographical pole. Tears later^ 
in he was gwen a commission in the 

Rcyal jVaiy^ and saiUd as eaptoin a shipj 
the ParamDur, on a jonm^' which embied 
him to study the 'uariation'' qf the compass — 
that is to say the di£erence betiveen true north 
and rruignelic north* In a second cruise^ in 
i6gg-s^oit he went to the South Atlmitie and 
encountered Antarctic icebergs. ^ jwar later he 
was able to publish a chart showing the 
magnetic variations over the whole world. Sea 
namgatoTs found it remarLably useful 
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Halley’s cHA&T of the southern 
SKY 


Hallcy^s book about comets, published in 1705, which provided 
the most dramatic proof that the laws given in the Principm were 
correct. 

A brilliaTit cermet with a tail stretching half-way or more across 
the sky is a glorious spectacle. Not uimaturally the ancients 
found it frightening, and an indication that the gods were angry, 
so that disasters of all kinds were liable to follow. For instance ihc 
K.oman writer Pliny, who was killed during the eruption of 
Vesuvius in 79 which overwhelmed the towns of Pompeii and 
Herculaneum, once vfrole that Vc have in the w^ar between 
Carsar and Pompey an example of the terrible effects which follow 
the apparition of a cornel . h .that fearful star which overthrows 
the powers of the Earth, showing its terrible locks’. A bright comtt 
was also seen just before the Battle of Hastings in 10G6, and is 
shown in the famous Bayeux Tapestry which is said to have been 
woven by William the Conqueror^s wife* Even in Halky’s time 
the old fears lingered On, and in backward countries they are not 
quite dead yet. 

The real mystery was that nobody knew what comets wcrcj or 
how they moved. They could not be predicted; they would appear 
without wamingj and remain striking for a few days, weeks or 
montlis before fading gradually away. They did not seem to flash 
across the sky in the manner of shooting-stars, but their shifts 
























Halley’s comet in igio, photo¬ 
graphed at Mount IVihon on various dates 



PLOUGH OR DIPPER, The seven stars in 
the past, present and future* Two of the stars^ 
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different direction from the other five 


against the starry background were very noticeable from night to 
night, 

Halley was extremely interested in the matter^ and he collected 
all the recorded observations of comets which had been seen 
between the years 1337 and 1698, One of these comets was that of 
16825 which he had himself observed. He calculated the various 
orbits, using Newton*s principles, and realized that the three 
comets of 1531, 1607 and 1682 had moved in almost identical 
paths. Could it be that these were merely returns of one and the 
same comet, moving round the Sun in a period of about seventy- 
six years? Halley believed so, and he predicted that the comet 
would again be seen in 1758. By that time he knew that he would 
be dead, but, modestly, he added: ‘If the comet should return 
according to our prediction, about the year 1758, impartial 
posterity will not refuse to acknowledge that this was first dis¬ 
covered by an Englishman.' 

His forecast came true. On Christmas Day 1758 a German 
amateur astronomer named Johann Palitzsch, living on his farm 
near Dresden, rediscovered the comet, and throughout the early 
part of 1759 it made a brave show in the sky. Fittingly enough, it 
became known as Halley's Comet; it came back once more in 
1835 and 1910, and is due again in 1986. 

A comet is not a solid, rocky body similar to a planet. 
It is made up of numerous small particles surrounded by an 
^envelope' of thin gas, and is not nearly so important as it may 
look; it is of very small mass, and is quite harmless—in fact 
the Earth passed through the tail of Halley's Comet in 1910 
without being in the least damaged. Nowadays it is known that 
faint comets, visible only with the help of telescopes, arc very 
common, though no really brilliant comets have appeared since 
1910. 

Comets may be divided into two types* There arc the so-called 
periodical comets, which move round the Sun in elliptical paths; 
some of these have periods of only a few years, but Halley’s is the 
only bright periodical comet with a period of less than five cen¬ 
turies. The remaining ‘great’ comets, which attract general 
attention, move in much more eccentric orbits, so that they come 
close to the Sun and the Earth only at long intervals—a thousand, 
ten thousand or a hundred thousand years, perhaps. This is why 
we cannot tell when to expect them. A comet is not basically 
self-luminous (though it does emit a certain amount of light when 













PROPER MOTIONS OF STARS IN 

ORION. (Upper) Orion at the present time. 
(Lower) the cortsteilation as it wilt be in 

A.D. y^fOoo 


close to the Sun), and can be seen only when it is reasonably near 
perihelion. 

Halley was the first to explain the way in which comets move, 
and he provided a splendid confirmation of Newton’s theories. 
We now know that Halley’s Comet was the object which so 
alarmed the Saxons in io66j and earlier returns have been traced 
back to well before Julius Cesar’s time. 

It is worth noting that many of the faint comets, too, move in 
very eccentric paths, so that they have immensely long periods. 
Such were the comets of spring and autumn 1957 and spring 1960, 
all of which became bright enough to be seen without a telescope. 
Another great discovery made by Halley was that three bright 
stars, Sirius, Procyon and Arcturus, had shifted slightly since the 
time when Hipparchus had drawn up his star catalogue, Sirius 
had indeed shown definite motion even since Tycho Brahe’s 
work at Hven, This was the first indication of proper motion^ and 
showed that the old term of Tixed stars’ was misleading, 

Flamsteed died in 1719, and Halley was the obvious choice to 
succeed him as Astronomer Royal, Unfortunately Flamsteed had 
bought all the instruments himself, and on his death his widow 
removed them, so that Halley also was left with an observatory 
but no equipment. He had to begin again, and collect new tele¬ 
scopes and measuring instruments. This he did, and some of his 
equipment is still to be seen in the ‘Octagon Room’ which was 
designed by Sir Christopher Wren, 

By this time Halley was well over sixty years of age, but with 
his usual energy he returned to the problem of longitude-finding, 
Flamsteed had produced the star catalogue; Halley set out to 
study the movements of the Moon, It took him nearly nineteen 
years, but he completed the observations, and they proved to be of 
immense value—^though the ‘lunar distance’ method of longitude- 
finding was never used at sea, since the development of the 
chronometer, by Harrison, made it unnecessary, 

Halley made many other important observations. He watched 
a transit of Mercury during his stay in St. Helena, and worked 
out a method of using transits to measure the distance of the Sun; 
he observed a total solar eclipse, and recorded that part of the 
Sun’s atmosphere which we now call the chfomQsphere\ and alto¬ 
gether he was responsible for tremendous advances in astronomy. 
When he died in 1742, to be succeeded as Astronomer Royal by 
the Rev, James Bradley, the whole scientific world mourned his loss. 




14 Lomonosov 



ADR A NT, and hy A/. V, 

l^omsoti 



THE CHAMBER OF C|]R|0$ETIE5 IN 

LENINGRAD. ThfTt u^ed Id nn ^bsma^ 
iffTj fAr ^ffp of the baildirtg^ us^d 
Loinaitajtau^ F^togmph hy Patriet Moam^ 
igSo 


UP TO NOW WE HAVE bccn dt!ScribiTig the lives and researches of 
astronorners of Western Europe—Britons^ iLalianii, Germans, 
Frenchmen and (iic rest. American science had hardly begunj 
and in the Far East there had been no developments since the 
ancient Chinese had recorded their comets and etlipacs. What, 
then, of Russia? 

Scicndstsof the modem U,S,S,R, play a leading part in astrono¬ 
mical research, but during the eightrenth century Russia was 
relatively backward. Even the Copemican theory was generally 
rejected, both on sclenrific and on religious grounds, and as late as 
1740 most Russian professors held to the old idea that the Sun 
must go round the Earth. The change-over to a more enlightened 
view was due in part, at least, to the first of Russia's great iiStrono- 
mers, Mikhail Vasilevich Lomonosov. 

Lomonosov was bom on an island not far from the dty of 
Archangel in 1711. His fatherp a free peasant, was a fisherman, 
and during his boyhood Mikhail w^nt on several fishing expedi¬ 
tions into the White Sea, well inside the Arctic Circle. Like most 
Russian children of the time he had very little schooling, but by 
the age of fifteen he had learned how to read and write, and— 
according to a story which may well be true—he ran away from 
home and joined a train of sleds carrying frozen fish, bound for 
Moscow* He enrolled in a school attached to a large monastery, 
and his real education began. He became mterested in science, 
and also started to write poetry. 

He made rapid progreijs, and came to the nodee of the St. 
Petersburg Academy of Sciences, which had been founded by the 
Czar Peter I. In 1735 he was sent to the University of St. Petersburg, 
and a year later he and other students were sent to a German 
University at Marburg principally to study chemistry and 
mineralogy. 

Lomonosov was already showing signs of excepdonal ability. 
It cannot be said that he behaved well; he shocked his German 
profcBBor^ by hi$ habit of drinking loo much (a not uncommon 
failing among Russian students in tho$e days), and when he went 
back to his own country in 1741 he abandoned ihe wife whom he 
had married after liis arrival in Marburg. Two years later he 
insulted some of hU colleagues at the St. Petersburg Academy' 
complaints followed, and he was impriBonrd for several months^— 
during which time he wrote two of his most famous poems. 
However, he became a full member of the Academy in 1745, and 
for some time was director of the main chemical laboratory, 
which he himself designed* 

Ix»monosov"s activities were widespread. He was interested in 
problems in na\ngation, and with the aid of his own measuring 
instruments he determined the latitudes and longitudes of many of 
the main cities of his country, so drawing up the first accurate 
map of the Russian Empire. He described a ‘solar furnace^ using 
lenses and mirrors; he invented a new kind of reflecting telescope. 
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on a pattern not unlike that developed later by Sir William 
Hcrschel; he investigated electrical phenornenaj including the 
spectacular aurorae or Polar Lights. All this time he never ceased 
to champion the Copernican theory, though many of his col¬ 
leagues disapproved. 

One of Lomonosov’s most inlercsting discoveries was made in 
1761, when Venus passed in Lransit across the face of the Sun for 
the first time since Horrocks and Crabtree had made their famous 
observations in 1639^ 

When Edmond Halley had been at St. Helena, he had watched 
a transit—not of Venus, but of Mercury» Following up an earlier 
suggestion by James Gregory,, he had realized that such transits 
might provide a method of measuring the distance of the Sun. 
Of course there are many refinements to be taken into account, 
and the method used was somewhal complex^ but in theory it was 
sound enough. Mercury was difiicuk to measure accurately, 
but Venus, which is much larger and closer, held out more 
promise, and Halley certainly regretted that he could not hope to 
live long enough to watch the 1761 transit. 

^\Ticn the time came the transit was carefully siudied by 
astrononiers all over the world. Unfortunately the results were 
badly affected by a phenomenon which became known as the 
'Black Drop\ As Venus passed on to the Sun it appeared to draw 
a strip of darkness afler it, and when this disappeared the transit 
was already in progress. It was therefore hard to lime the moment 
when the transit actually started-—and since thi^ was essential to 
the method, the distance measurements were not rehable. Similar 
troubles were experienced at the next transit, that of 1769. Many 
years later the German astronomer Encke published a final result 
based on the observations, and gave the Sun's distance as 
95,^79,000 miles, which is now known to be over two million 
miles loo great. 

No reference to transits would be complete without a 
reference to the amazing misfortunes of the French astronomer 
Guillaume £a:gentil, who decided to observe the 1761 transit from 
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OCCULTATION OF REGULUS BY 
VENUS, JULY 7 , 1959. It is very 

seldom that Venus passes in front of and 
occults^ a bright star^ but such an event took 
place on the early afternoon of July 7 , igyg, 
when Regulus in Leo was occulted. These 
drawings^ made by Patrick Moore with the 
i2Tinch reflector at Henry Brintovi s observa¬ 
tory in Selsey, show the changing position of 
Venus and Regulus. For a brief period before 
immersion Regulus was shining through the 
atmosphere surrounding Venus^ and appreci¬ 
able fading was recorded^ so yielding informa¬ 
tion as to the height of the atmosphere of 
Venus. It will be many centuries before Venus 
again passes in front of a ist-magnitude star 


TRANSITS OF VENUS IN 1874 AND 
1882 . The diagram shows the apparent 
track of Venus across the face of the Sun 
during these two transits. In neither case was 
the transit central hut it had been hoped to 
obtain measures which would be accurate 
enough to give a reliable estimate of the Sun^s 
distance from the Earth. Great attention was 
paid to observing the transits, but the results 
proved to he very disappointing, and the next 
two transits {those of 2004 and 2012) will not 
be regarded as of much astronomical impor¬ 
tance 


Pondicherry in India. He sailed in a French frigate, but unhappily 
for him a war between England and France was in progress, and 
about this time Pondicherry was captured by the English, so that 
Legentil had to turn back. Before he could reach land the transit 
was over, and all he could do was to make rough notes from the 
deck of his ship. Rather than risk a second delay he elected to 
wait in India for the next eight years, and observe the 1769 
transit instead. Again he was unlucky, since clouds covered the 
Sun at the critical moment. Since the next transit was not due 
until 1874, Legentil set off for home; twice he was shipwrecked, 
and reached Paris after a total absence of eleven years to find that 
he had been presumed dead and that his heirs were just about to 
distribute his property! 

Since those far-off days two more transits of Venus have taken 
place—in 1874 and 1882—and were closely studied. Once again, 
however, the results were not as reliable as had been hoped, and 
it must be admitted that the whole transit method has been found 
to be unsatisfactory. Future transits will not be regarded as of 
much importance. 

However, it is interesting to note that in this connection Venus 
has recently been used in a different way. In i960 and 1961, astro¬ 
nomers in Britain and Russia were able to ‘bounce’ radar pulses 
off the planet, after which they measured the time-lag between the 
transmission and the resulting echo. Radar pulses, of course, move 









at the same speed as visual light ( i86jOoo miles per second), and 
so it was possible to measure the distances which the pulses had 
travelled. The distance of Venus could then be obtained, and this 
led, in turn, to the accurate determination of the astronomical unit 
or Earth-Sun distance. The Russians have given a value of 
92,868,000 miles, which differs little from the estimate obtained 
by the British team. 

Mikhail Lomonosov watched the 1761 transit from his home in 
St, Petersburg, where he had erected a refracting telescope of 
focal length 4^ feet. One thing interested him particularly. Just 
before the transit began, the Sun’s limb seemed to become 
'smudgy’, and a similar appearance was seen immediately after 
the transit was over. Moreover, there seemed to be a curious sort 
of'blister’just before Venus passed right on to the Sun, 

Lomonosov could find only one way to explain what he had 
seen. In his own words: ‘The planet Venus is surrounded by a 
considerable atmosphere, equal to, if not greater than, that which 
envelops our earthly sphere,’ 

An atmosphere round Venus would indeed account for the 
appearance, and we now know that Lomonosov was right. Venus 
has indeed an atmosphere, probably about as deep as that of the 
Earth, though it contains much less free oxygen and much more 
carbon dioxide. 

This observation strengthened Lomonosov's view that some of 
the planets at least are not so very unlike the Earth, and he 
even suggested that life might exist on them. 

It will be some time before the next transit takes place; one will 
occur in 2004 and another in 2012, after which we will have to 
wait until 2117 and 2125. But though past observations have 
proved something of a disappointment to astronomers, it is interest¬ 
ing to remember that it was at the 1761 transit that Mikhail 
Lomonosov discovered that Venus, like the Earth, is surrounded 
by an atmospheric mantle. 


VIEW OF Russia’s OLDEST OBSERVA¬ 
TORY. The Chamber of Curiosities in 
Leningrad^ where the frst observatory in 
Russia was set up and used by A/. F. 
Lomonosov. The photograph was taken from 
the opposite bank of the river. There is no 
longer an observatory in the buildingi and the 
building itself is tiow used as a museum. 
Lomonosovas observations of the ij6i transit 
of Venus were mt actually carried out from 
here^ but from another site in St. Petersburg 
{now Leningrad). Photograph by Patrick 
Moore t fg6o 
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OBSERVATORY HOUSE, SLOUOM. The 
house where three Mersehels — William, 
Caroline and Jahn—lived and worked. The 
great re^eefor was erected in (he 

garden, hkvntually the hmtse fell inio du- 
repair, and was pulled down tn ig6o. This 
phtitagraph taken ^ Patrkk Moore 
probably the last picture ever Saken of it — 
three d£Qfs before demolition was began 


THE WORK OF E WTON complctcrd the greatcsl of all the revolu¬ 
tions in astronomical thought—begun by Copernicus^ continited 
by Galileo and Kepler^ and ended with the publication of the 
immortal Principia. 

Eleven years after Newton's death, a bejy named Wilhelm 
Herschcl was bom in Hanovetp which was then part of the Britisfa 
Empire. (It remained so, incidentally, until Queen Victoria came 
to the throne in 1837.) Herschel was to become as famous in his 
own day as Newton had been earlier, and it is he who has justly 
earned the nickname of *the father of stellar astronomy'. As a 
mathematician and theorist he could not compare with Newton— 
nor did He wish to. He was an observer first and foremost, perhaps 
the great^t who has ever lived. 

It would be unfair not to mention at least some of the other 
leading astronomers of the eighteenth century. There were many 
of them. There was Alexb Clairaut of France, born in 1713, who 
studied higher mathematics at the age of eleven and sent a valu¬ 
able paper to the Paris Academy of Sciences when only thirteen* 
he revised Halley's work on the famous comet, and predicted that 
it would come back to perihelion not in 1758, but in 1759. 
Clairaut^s work was so accurate that he was in error by less than a 
month. There were the brilliant mathematicians Leonhard Euler, 
who continued his work even after he had become blind, and 
Joseph Lagrange, There was Jean Sylvan Bailly, who was guillcK 
tined during the Trench Revolution In 1793^ it w^as said that 'the 
Republic ha$ no need of wise men'. And there were many morej 
but Herschel towered head and shoulders above them when it 
came to purely observational astronomy. 

Friedrich Wilhelm Herschel, better known to us as William 
HerscheL was born on November [5, 1738. His father was band¬ 
master of the Hanoverian Guard, and most of his children in¬ 
herited musical ability. William was no exception, and at the age 
of fifteen entered the band as obobt. 

He soon found that he did not care for Army life. Moreover the 
Seven Yeats War was raging, and after some unpleasant experi¬ 
ences during the Battle of Hastenbeck in 1757 he left the band 
and came to England. It is said that when he landed at Dover he 
had only one French crown piece in his pocket. 

Fortunately he w^as a gifted musician, and had little trouble in 
earning his living, Tn 1765 he became organist at Halifax—after 
an audition in which he proved to be a belter player than his thief 
rival, a Dr. Wainwright, who was known to be an expert. During 
the following year he moved to Bath as oboist in an orchestra 
which played daily in the still-famous Pump Rotrm, and he then 
became organist at the new Octagon ChapeL 

Though he was a prafessional musician, music was never 
everything to HcrscheL He had always been interested in astro¬ 
nomy, and about 1771 he turned to it as a serious hobby. He hired 
a small redectJng telescope, and enjoyed using it; but it was not 


URANUS, showing ihe planet together with one ^ its 
satellites. ^ painting made by D. A. Hardy foom an 
observation by Patrick Mmre on January ig, ig^4, 
5j!'^ with a power of yoo on a ij?-_^-inch rector 
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powerful enough to satisfy him, and he looked round for some¬ 
thing larger. Unhirtunately he found that the price of a bigger 
telescope was more than he could afford. The only solution was 
to make his own. 

To be of any use at all, a telescope mirror must be very accurate 
indeed, if the curve U at all irregular the instniment will produce 
nothing hut blurred images. On Ncwtnn's pattern there are two 
mirrors: the main one or jpcculam, and the smaller fiat. The most 
important and expensive part of the instrument is the speculum. 
Nowadays, mirrors of this kind arc made of glass, but during the 
eighteenth century they were more commonly made of a special 
alloy known as speculum metal. 

Herschel decided to become a telescope-maker, and in June 
1773 he began work in earnest. He had to continue his musical 
profession, but all his spare time was spent with his mirrors. 
Eventually he produced a tolerable 5-inch speculum, but before 
this he had had over hundred failures. 

By this time he had been joined by two of his family; his brother 
Alexander, also a musician and moreover a skilful amateur 
mechanic* and his sister Caroline. Alexander left after a tiniej but 
Caroline remained with William, and became an astronomer in 
her owm right—indeed, she discovered six comets. 

Herschers first recorded observaliorij a sketch of the Orion 
Nebula, w^as made on March 4, 1774. His first successful reficclor 
opened up new fields to him; heconcGntmlcd on making larger and 
belter telescopes as well as on his musical career, llicn, in 1781* 
came the discovery which was to change the whole course of his life. 

Herschel was particularly interested in the way In which the 
stars arc distributed in space^ He knew them to be suns, and he 
knew them to be immensely distant. Years earlier Thomas Wright 
of Durham, originally a clock-maker's apprentice and then a 
teacher of mathematics, had writ ten a book in which he suggested 
tfiat the stars might be arranged in the form of a disk. Wright, 
who was still living at the start ofHerschel's observational career 
(he did not die until 1785) had never follow^^ed up this theory; 
neither had the German philosopher Immanuel Kant, who had 
put fi>rward a ratlier similar idea in 1755. 

W‘'hen Hci^chel began work he had a completely open mind on 
the whole subjeet^ but he knew that the only way to find out was to 
undertake a long series of practical observations. He therefore 
decided to use his telescopes to "^review the sky\ counting the stars 
in certain selected regions and noting their distribution. 

While busy at this task, on March 13, 1781, he came across an 
object in the constellation of Gemini (the Twins) which did not 
look in the least like an ordinary star. Instead of b«:ing a point of 
light it showed a distinct disk* rather greenish in hue. HerscheJ 
w^as using a home-made telescope of 7 feet focal length and a 
fi|-inch mirror* and he knew that the instrument was a good one, 
so that he was confident of the correctness of his observation. 
During the following nights he discovered that tlic curious object 
seemed to be moving slowly against the slarnr'^ background. 
1 herefore it must be much closer than the stars. 

Herschel* naturally enough, took it to be a comet; indeed lus 
paper to the Royal Society giving details of the discovery Is 





the ^father oT ettllir astronofity' 91 


entitled A a Account of a Comd. He was interested, but by no means 
wildly eKcited. 

Once several observations of a moving body have been securedj 
iJic orbit can be worked out. HerscheVs "comet’ was studied by the 
Finnish astronomer Anders Lescell, then a Professor at St, Peters¬ 
burg. Lexelfs findings were, to say the least of It^ startling. The 
object was not a comet at all; it was a new planet, moving round 
the Sun at a distance much greater than that of Saturn. 

Mlronomeis all over the world were taken completely by sur¬ 
prise. It had not occurred to them that Saturn might not after all 
be the most remote planet, and the discovery was completely 
unexpected. Yet there could be no doubt that Lexeirs calculations 
were right. 

Herschel became famous at once, and the King, George III, 
appointed him royal astronomer (not Astronomer Royal; the 
ofticial post was at that time held by the Rev. Nevil MaskeUme) 
at a salary of £200 per year. The grant was not enough to make 
Herschel rich, but it did allow him to abandon music as a career, 
so that he could spend the rest of his life on astronomical work. 

In gratitude to the King^ Herschel proposed to name the new 
planet “Georgium Sidus*—the Georgian Star. Foreign astrono¬ 
mers naturally objected, and finally the planet was christened 
Uranusj after one of the mytiiological gods. 

Uranus can just be seen with the naked eye, but it is a very faint 
object of below the 5th magnitude, and to identily it without the 
help of a telescope would be practically impossible. However, it 
had been recorded before Herschers time. Flamsteed had seen it 
as long ago as iGgo. Pierre Lemonnierj a French Professor who 
had been born in 1715!, had noted it a doaen times between 1750 
and 1771, and had he taken the trouble to compare his observa¬ 
tions he would certainly have detected its motion among the stars. 
However, Lemonnier was not a methodical man; it is even statedj 
apparently with truth, that one of hU observations of Uranus was 
found years later scrawled down on an old paper bag which had 
contained hair perfumc+ (It Is also related that Lemonnier was so 
ill-tempered that he quarrelled with almost everyone whom he 
met.) 

Uranus proved to have a mean distance from the Sun of 
1,785,000,000 miles, as against the 886,000,000 of Saturn* It is ^ 
remote, and moves so slowly, that it Lakes eighty-four years to 
complete one journey. It is a large world over 29,000 miles in 
diameter, so that it could cunLain about fifty globes the size of the 
Earth. However, it is by no means Earthlike; it is made up 
chiefly of hydrogen gas, and it n intensely cold. 

It is probably true to say that Herschel is bcst^remenihcrcd as 
being the discoverer of Uranus, but UiLs gives a wrong idea of his 
career* His main work was in the study of the stars, and had he 
not been busy in his systematic reviews of the sky he would 
not have found his new planet. 

Herschel believed that the apparent brightness of a star must 
be a reliable guide to its disLance Ibom us, so that brilliant stars 
would be closer than fainter ones. This is not the case, but 
Herschel had nd means of working out the distance of any star, 
and his assumption was perfectly reasonable. 



URANUS AND TWO OF ITS SATEL¬ 
LITES* pjkolografift B. Warner and 
Salmundsion^ Umi^^rsity if [jindon 
ObstTvaioty, Fg6o^ Of the Jive soteliites of 
UraiTWj, one {Afiraftda) is excessive^ faint; 
twti {Arid and Umbtiei) ate diffkalt objects^ 
and ihf miter tmo {Tiiftnia and Obiran) are 
tiasier^ though a moderate tiiescope is needfd (a 
show them. In this photograph, Titania and 
Obrran are showUr Surface detail on Uranus 
itsef if almost imfuissibU to record photo- 
graphiedlly 



COMPARATIVE SIEES OF URANUS 

AND THE EARTH. Uroms, wUh a dia- 
mder of ^,300 miles, rs giant ptaneij 
though considetabfy smaller than dther 
Jupiter or Saturn 
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STAR-CLOUPS TN THE MILKY WAY^ 
photographed imth the Go-inch rtfecfor at 
A'lotmi Obsermtoiy 


The way to find out how the stars were arranged, Lherefore, 
should be to count them. The regions of the sky which contained the 
greatest number of stars would represent the greatest extensions 
of the stellar syaiem or Golax^^ It was impossible for Hcrschel to 
count every star revealed by his telescopes, so he adopted the 
method of *star-gauging', or counting the stars in certain carefuJJy- 
selected regions, 

There are obviously more stars in and near the Milky Way than 
in other areas, but Herschel soon found that the percentage in¬ 
crease was greater for faint stars. For instance suppose that wc 
take two areas, one near the Milky W^ay and one remote, and use 
a telescope which will show four limes as many bright stars in the 
Milky Way zone than in the other. With a larger tclcscopse, it will 
be found Lhat the faint stars are ten times more common than the 
bright ones* In other words* faint stars are unexpectedly numerous 
close to the Milky Way, and Herschel came to the conclusion that 
the Galaxy must be shaped rather like a dciublc-convex lens or 
two plates clapped together by their rims, with the Sim some¬ 
where near the middle* 

The suggested arrangement is shown in the diagr^. If S 
represents the Sun, most stars will be seen, in the directions SA and 
SB* and this will mark the Milky W'ay—a mere perspective effect* 
Fewer stars will be seen in directions SC and SD, indicating the 
most barren parts of the sky in the regions of the constelJatiDns of 
Lynx and Sculptor* 

In the main Herschel was correct. His only serious error Ihy in 
placing the Sun in the middle of the system; we now know that it 
is well out to one side^ However* this error was not Herschers 
fault* and his idea of a lens-shaped Galaxy was a great step 
forward. 

At about the same time he managed to measure the movement 
of the Sun itself with respect to the stars* This was done by means 
of a weJUknown effect. If you drive along a road with trees to 
either side* you will note that the trees ahead of you seem to ^open 
out' as you approach them, while the trees behind will *close up’, 
Herschel found lhat the stars were behaving m the same way. 
The shifts were remarkably small and difficult to measure, but in 


KEkSCHEL^S PLA?! Oh' THE CALAXY, 

Herschel tt^ew the first man h propose a plort 
of the (lalax^ or 'Mdky which pro&ed 
to be reasonably accurate^ though one or 
earlier guesses had been on the right lines. 
Herschers frtBin emrr was in placing the Sun 
near the centre of the jyslem^ as shown here; 
in reaiily il is welt out toward the edge,, ff an 
observer looks atqng the direction AB he will 
See mflnj stars in the same directioni 

giving rise ta the Milky Way eject; f he looks 
along direction CD he will see fewer stars. In 
this respect Herschers views were perfectly 
sound 



THE GREAT KTEBULA IN ORION. This cloud of gOS is 
visible to the naked It Hes in the Sword of Orion, and is 
i^oo light-years away^ The gas is luminous the 
presence qf stars contained in the cloud. Eiwn at its densest 
paris^ these chuds are much more rarefied the best 
yflfuujw ohtainaMe on Earthy but due to its enormous size 
the nebula has a total mms ten times that of our Sun. 
Photograph taken ij; the soa-mch Hale refiector at 
Palomor 
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A 6-INGH NEWTONIAN REFLECTOR* 

The tube is a skeleton, which is perfectly 
satisfactory for instruments of this type 


1783 he announced that the Sun is moving towards a point 
in the constellation Hercules, not far from the brilliant Vega. 
The position which he gave is extremely close to the modern 
estimate* 

Meanwhile he had felt the need of a still larger telescope, and 
he developed a new pattern for a reflector. In Newton’s arrange¬ 
ment the flat lies in the main tube, and so blocks out a little of the 
starlight from the main mirror. Moreover there arc two reflections 
—one from the speculum and one from the flat—so that further 
light is lost. Herschel decided to tilt his speculum at an angle, and 
bring the light to focus at the upper end of the tube, thus doing 
away with the flat altogether. In fact, the arrangement is not so 
good as might be thought, and Herschelian telescopes are seldom 
made nowadays. 

In January 1787 Herschel tested one of hts new-type reflectors, 
a giant instrument with a focal length of 20 feet. Almost at once he 
made the interesting discovery that Uranus, which he had first 
identified six years earlier, was attended by two satellites—now 
known to us as Titania and Oberon* This brilliant result made 
(-New General Catalogue) 147. The construct an even larger telescope, with a mirror 

photograph was taken in red light with the 4^ inches across and a focal length of 40 feet. 

2oo^inch Hale reflector at Palomar, This is an The task was by no means easy. The first mirror, tested in 

external system, and lies far beyond the 
boundaries of our own Galaxy 





the ‘'father »f stetlar axtiwienijr' 


9 S 



eRINCIPLF- OF THE HERSCHELI^N 

R E FI.ECTO R. Ihrschfts was la tUt 

ihf main nrifror, thus thing ttway with iht 
nfcessky of having a stct^nd mirroT or ^Jfaf. 
Un/ortunalefy thi aTraitgmeni has numsTGiiS 
dhadvaiitagfs^ and is now stidtm usid 


February, was found to be too thin, so that it went out of shape. A 
second was cast in 1780, but developed a crack and had to be re¬ 
jected. Finally he made a third mirror, and on Aii^ist aS, 1789 
he used it for the first lime. As soon as he looked at Saturn, he saw 
a new satellite, while another new allendanl was detected on 
September 17. These two newcomers, Mimas and Enceladus, 
raised the number of Saturnian satellites to seven. j\s we remem¬ 
ber, Huygens had discovered one [Titan) and Cassini four more. 

The 40-foot telescope had been set up at Herschers new home, 
Observatory House in Sloughs The mirror, weighing 3,118 lb., was 
slung in a ring, and the sheet-iron tube in which it rested was 
almost 5 feet wide. Ladders 50 feet in length gave access to a 
movable stage, and the whole instrument was mounted on a 
revolving platform. 

The giant telescope w^as optically excellent by nineteenth- 
century standards, but it was clumsy to use, and disturbances in 
the Earth's air meant that conditions were seldom good enough 
for it to give ofits best. Hcrschel used it only when the 'seeing^ was 
exceptional, and most of his routine work was done with the 
smaller sto-foot instrument. The great reflector was used for die 
last time on January 19, i8i i, when it was directed to the Orion 
Nebula. On New Year's Eve 1839, long after Herschers death, it 
was dismounted, and the great tube was laid down on tlirce stone 
piers in the garden at Slough. 

Hcrschel married in 1788, and his sister Caroline moved out of 
Observatory House. She remained near at hand, however, living 
in the town of Slough and eoming in every night to help William m 
his work. Caroline was indeed the most devoted of assiiitants; she 
had no w^ish for personal fame, and was content, as she herself 
saidj with Vcflccted glory\ In later life, after William’s death, she 
returned to Hanover, and died in 1848 at the advanced age of 
ninety-eight. 

Hcrschel’s ^reviews of the heavens' resulted in the discovery of 
many objects. For insiance, there were the dim patched known as 
nebula. In 1714 Halley had listed 6; the French astronomer 
Lacaille compiled a catalogue of 42 in 1755, and Messier, the 
famous comet-hunter, produced a list of over too in the year 
1781, Herschel discovered over [,500 more, and also found that 
they were of two kinds. Some of them appeared to be made up of 
stars, while others gave the impression of glowing gas. It w as then 
that Hergchcl made one of his most inspired suggestions. Could the 
starry nebuke be separate galaxies, far beyond the limits of our 



HERSCHEL^S 4O-FOOT REFLECTORt 
with ils scaffQ^ing 



ENORAVtNG OF THE 40-FOaT RE¬ 
FLECTOR in tkr gojikn Observatory 
House, Slough 


















Milky Way? We now know that he was right, but the truth of his 
suggestion was not proved until over a century later. 

Another subject which attracted Herschel was that of double 
starsj, and his studies here led him on to a further important 
discovery. 

A eareful look at Mizar, the second star in the^handlc^ of the 
Plough, or Big Dipper—Zeta Urss Majoris according to Bayer's 
nomenclature—shows that it has a smaller star, Alcor, close behind 
it. On a clear nighty anyone wth normal eyes can see Akor wiLh- 
out much trou blcj but a telescope show's that Mizar itself is made 
up of two stars, one c&mpannti being brighter than the other. Mizar 
is in fact a double^ 

Pairs of stars are very common. Sometimes, as with Gamma 
Virginis, the components are exactly equal ] somedmes one is much 
more brilliant than the other—for instance Polaris has a gth- 
magnitude companionj and other bright stars with dim attendants 
are Rlgel, Antares In the Scorpion, and Sirius. 

Up to HcrschePs time It had been thought that these double 
stars were mere effects of perspective* In the diagram;, star A is 
much closer to the Earth than star B; but it happens to Lie in 
almost the same direction, and in a telescope the pair would 
appear as shown Iti the inset. DoulSles of this sort arc kunwn^ and 
arc termed {Optical dmhks* 

Herschel studied double stars closely, and in lEoa he was able to 
announce that in most cases the two components of a pair really 
were close together, revolving round Lheir common centre of 


FLAMSTEED HOUSE* Tht old 
Obsirmtory in Crtinwich Pnrk^ now nfumud 
and used as a (tne room is dfuoted lo 

Herschti rgliss^ Th^ photograph ^ taken in 
£^i ^ Fairkk Moore, shows the Octagon 
Room, used by Flamsteed^ and ihe aelehfOSed 
tiw-hall 


THE OLn ROYAL ODS F,R V ATO M V , 
oreenwich. a pie£i\ of fftie nf ihe other 
btiilditigs. Phoiograph by Patrkk. Moote 
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OPTICAL DOUBLE STAR, As SUfl ftom 
the Earthy stars A and B lie in roughly the 
same direciiony and telescopically they appear 
as in the circle^ though in fact star A is much 
the closer lo us and has no real association 
with B 


EXTERNAL GALAXY N,C,C ,205 {in 

Andromeda)—a system far beyond our Milky 
Way. Herschel was one of the first to suggest 
that such might be external. Photo¬ 

graph taken with the 200-inch Hale refiector 


gravity much as the two bells of a dumbbell will do if twisted by 
their joining bar. He had in fact discovered real stellar com¬ 
panions, known today as binary stars. Rather unexpectedly, it has 
become clear that binaries are much more common than optical 
doubles. 

These are only a few of Hcrschcfs discoveries. More than any 
other man, he put stellar astronomy on a really firm footing. 
Some of his ideas sound strange to us; he was convinced that the 
Moon and planets were inhabited, and he believed that there 
might be men living in a cool region inside the Sun, Yet as an 
observer he was in a class of his own. He was knighted in 1816; 
he received every honor that, the scientific world could bestow, 
and he became the first President of the newly-formed Astro¬ 
nomical Society of London (now the Royal Astronomical Society), 
He presented his last scientific paper when he was eighty years 
old, and he was active almost to the date of his death on August 25, 
1822, 

His son Sir John Herschel carried on his father’s work, and 
went on an expedition to the Cape of Good Hope, to extend the 
*star-gauges" for the southern skies. In all he discovered over 3,300 
new double stars and 525 nebulse* Sir John's own two sons were 
also active in astronomical work, and Observatory House remained 
in the possession of the Herschel family for many years, 

I last visited it in i960, when the house was empty and the 
garden overgrown. The speculum of the 4oToot reflector, which 
I remember hanging on the wall In the front hall, had been 
taken away to Flamsteed House, in the old observatory at Green¬ 
wich; the plaque marking the site of the great telescope had like¬ 
wise been removed—but in a shed there still lay part of the tube of 
HerscheFs greatest reflector. 

Observatory House was pulled down in the summer of i960, and 
will no doubt be replaced by a modern block of shops or flats* But 
though the old building is no longer there, William Herschel him¬ 
self will never be forgotten. 
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Uranus 196 


Saturn 100 


Jupiter 52 


?=28 
Mars 16 
Earth 10 
Venus 7 
Mercury 4 


3 




DISTANCES OF THE PLANETS FROM 
THE SUN ACCORDING TO BODF/S 
LAW. Uranus^ discovered in lySi, Jilted 
excellently into the scheme, Jfote the 
corresponding to number ^8; it was this 
which led to an organized search^ and the 
discovery of the first four Minor Planets 


A GLANCE AT A CHART of the Solai System will show that the 
planets are divided into two groups. Mercury, Venus, the Earth 
and Mars are relatively small and close to the Sun. Then there is 
a wide gap, followed by the giant plancts^—Jupiter and the rest. 
It looked almost as though there were a missing planet between 
Mars and Jupiter. Kepler suspected that some such body might 
exist, and even wrote: *Bc tween Mars and Jupiter I put a planet J 

In 1772 the Director of Berlin Observatory, Johann Elert 
Bode, drew attention to a strange Haw’ concerning planetar)^ 
distances* It is still known as Bode’s Law, though it had been 
discovered some years earlier by another German, Titius of 
Wittenberg. 

Take the numbers o, 6, 12, 24, 48, g6 and 192, each of which 
apart from the first—is double its predecessor. Now add 4 to each, 
giving: 4, 7, 10, 16, 28, 52, 100 and 196. Taking the Earth’s 
distance from the Sun as 10, these figures give the distances of the 
remaining planets with remarkable accuracy, as the following 
table shows: 

BODE’S LAW 


PLANET 

DISTANCE FROM THl 

E SUN 


ACCORDING TO BODE'S LAW 

ACTUAL 

Mercury 

4 

3‘9 

Venus 

7 

7-2 

Earth 

10 

10 

Mars 

16 

>5 2 

— 

28 

— 

Jupiter 

52 

52-0 

Saturn 

100 

95*4 

Uranus 

196 

igi’S 


Could this be coincidence? When Bode first made the Law 
known, Uranus was still undiscovered; but when it was found, nine 
years later, it fitted excellently into the scheme* 

The only trouble was that there appeared to be no planet corre¬ 
sponding to Bodc’s number 28—the gap between Mars and Jupiter. 

If such a planet existed It would certainly be faint, probably 
invisible without a telescope; if it had been even of the 5th 
magnitude, astronomers who had worked for years at compiling 
star catalogues—as Bode himself had done—would certainly have 
found it* Moreover, it was reasonable to suppose that its orbit 
would not be far removed from the plane of the ecliptic, so that the 
planet would he somewhere in the Zodiac, 

In 1800 six astronomers assembled at the German town of Lili- 
enthal, not many miles from Bremen* Johann Schrdter, who was 
famous mainly because of his studies of the Moon, had an observa¬ 
tory there and was a tireless worker in astronomy, so that 
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PLAN OF SCHRdTER*S OBSERVA¬ 
TORY AT LILIENTHAL* Thh observatory 
was for many years the ^astronomical centre* 
of Germany and, indeed, of much of Europe, 
It was from Lilienthal that the pianei^hunt 
was organized, and it was here too that 
Schroter carried out almost all his pioneer 
work in lunar observation 




PATH OF CERES AMONG THE STARS, 
The position of Ceres is shown for May 2, 12 
and 22, close to the star Beta Librae, /it 
this time the planet Jupiter was near by, in 
the adjarejjt constellation of Scorpio, the 
Scorpion. Drawing by H. P. 11 likins 


Lilienthal was a good choice. The purpose of the meeting was to 
organize a systematic hunt for the missing planet. The astrono¬ 
mers formed an association which became known unofficially as 
the ‘celestial police’, and each undertook to study a different part 
of the Zodiac, checking all the stars in an attempt to find an object 
which moved. The secretary of the ‘police’ was a Hungarian, 
Baron Franz Xavier von Zach, who was Director of the Seeberg 
Observatory near Gotha, and was particularly interested dn 
international co-operation among astronomers, 

A plan of this sort takes some time to bring into working order, 
and before the ‘police’ could begin serious operations they were 
forestalled. At Palermo, in the island of Sicily, the Italian astrono¬ 
mer Giuseppe Piazzi was busy drawing up a star catalogue, and 
on January 1, 1801—the first day of the new century—he picked 
up a point of light which behaved in a most unstarlike manner* 
It moved appreciably from night to night, and Piazzi thought 
that it must be a tailless comet* He was interested enough to write 
to Von Zach, but unfortunately his letter took some time to 
arrive, and by the time Von Zach received it the strange moving 
body had been lost in the rays of the Sun* 

Luckily Piazzi had made several observations of it, Karl 
Friedrich Gauss, one of the greatest of German mathematicians, 
worked out an orbit and forecast its position, so that it was re¬ 
discovered exactly a year after Piazzi had first seen it. It did 
indeed prove to be a new planet, and was named Ceres, in honor 
of the patron goddess of Sicily. 

In one way Ceres seemed to be disappointing. It was too dim to 
be seen with the naked eye, and was less than 500 miles across, 
which meant that it was much too small to be regarded as a proper 
planet. On the other hand its orbit fitted in with Bodc’s Law, and 
many astronomers considered that the Solar System was at last 
complete. 

The ‘celestial police’ had their doubts. It was at least possible, 
they considered, that other small planets might come to light, and 




100 the planet-hunters 


INCLINATION OF THE ORBIT OF 

pALLASj which amounts io over J4 degrees 



Jupiter 


Trojans: 

Patrotlus Group 


T rojans: 
Achilles Group 


MAIN 

ASTEROID 

ZONE 


ORBITS OF THE TROJAN ASTEROIDS, 
Yhe 'Trojans revolve round the Sun at mean 
distances equal to that of Jupiter^ so that in 
effect thejf move in Jupiter^s orbit. One group 
of Trojans lies well * ahead* of Jupiter and 
the other group well *behind\ so that there is 
no danger of close encounters with Jupiter. 
The Trojans do not remain precisely ffxed* in 
relation to Jupiter^ but the diagram siffces to 
show the general situation 



CERES 


SIZES OF MINOR PLANETS COM¬ 
PARED WITH THE BRITISH ISLES, 

Ceres is the largest of the minor planets^ and 
Vesta the brightest 



they went ahead with their plans. In March 1802 Heinrich Olbcrs, 
one of the hunters, detected a second body, slightly smaller than 
Ceres and moving at a slightly greater distance, Pallas, as it was 
named, was unusual in one respect; its orbit was mclined to the 
ecliptic at an angle of over 34 degrees, as against the 10^ degrees 
of Ceres. 

OlberSj a doctor by profession, was an amateur astronomer, 
and had set up an observatory on the roof of his house in Bremen, 
His main work was in connection with comets, but he was 
also interested in the new planets, and he suggested that Ceres 
and Pallas might be the fragments of a larger body which had 
broken up for some reason. In this case there might be further 
pieces waiting to be discovered. In 1804 Karl Harding, Schroteris 
assistant at Lilienthal, found a third,small planet (Juno), and 
in 1807 Olbers added a fourth (Vesta), which was the brightest 
of the four, though smaller than Ceres or Pallas. At times Vesta 
may be seen with the naked eye as a faint speck of light. 

Together, the four became known as the Minor Planets or 
asteroids. Their orbits were very similar, apart from the sharper 
inclination of the path of Pallas, 

No more discoveries were made for some time. Schroteris 
observatory at Lilienthal was destroyed, and in 1815 the ‘celestial 
police’ disbanded. There the matter rested until 1830, when an¬ 
other amateur, Karl Hencke, returned to it. Hencke was the 
postmaster at his native town of Driessen, in Germany, and he felt 
convinced that there were more asteroids waiting to be discovered. 

Alone and unaided he searched patiently for fifteen years, and 
at last he was successful; in 1845 he found another asteroid, now 
named Astra^a. Less than two years later he delected No, 6, Hebe. 
Now other astronomers started joining in the hunt. John Russell 
Hind, in London, added two more asteroids in 1847 (Iris and 
Flora); Graham, at Markree, a ninth (Metis) in 1849; there were 
three discoveries in 1850, two by the Italian astronomer Annibale 
de Gasparis, Director of the Capodimonte Observatory near 
Naples, and one by Hind, Since then, not a year has passed with¬ 
out the addition of several more asteroids. Over 2,000 have now 
been studied sufficiently for their orbits to be worked out, and 
many more must remain undetected. One estimate gives the total 
number of small planets as 44,000, while Russian authorities 
believe that 100,000 may be nearer to the truth. 

The early discoveries were of course made by ordinary visual 
observation—the careful checking of star-fields night after night, 
to see if any starlike point moved. Later, photography came into 
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TELESCOPE USED BV SCHROTER- Of 

Schroter's telescopes^ li is possible that the 
largest {a jg-inch Schrader rejlector) was of 
poor quality optically^ but some of the others 
were undoubtedly good. One of them^ made by 
Herschei^ was extensively used for Schrotef^s 
work on the Aloon and planets 


TRAIL OF icARuSj I 949 - IcaTus is an 
exceptionally interesting minor planet. It is 
not an 'Earth-grazer\ but at its closest to the 
Sun its distance is less than that of Adercury. 
The movement among the stars is relatively 
rapidj and the trail of Icarus is indicated by 
the arrow; clearly the asteroid moved appreci^ 
ably during the time of exposure. Photographed 
with the 48-inck Schmidt camera at Palomar 


use, and was responsible for revealing so many asteroids that some 
astronomers began to lose patience with them. One American 
even called them Vermin of the skies’. 

CcrcSj with a diameter of 420 miles, is much the largest of the 
minor planets, and most of the smaller members of the family are 
mere lumps of material a mile or two across* None of them can 
have any atmosphere, and all things considered they are among the 
least interesting of the celestial bodies* It is still not certain 
whether Olbers was right or wrong in believing that they are the 
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remains of a former planet which met with some disaster; it is 
equally likely that they represent debris left over when the main 
planets were formed. 

Because the asteroids are so small and of so little mass, their 
gravitational pulls are weak. If it were possible for a man to stand 
upon one of the junior members of the swarm, say a mile in dia¬ 
meter, he would be able to jump clear of the tiny world altogether! 

There are several asteroids with unusual orbits. Eros, discovered 
by the German astronomer Witt in i8g8, comes within the path 
of Mars, and may approach the Earth to within 15 million miles. 
It is a curious body shaped rather like a sausage, 15 miles long 
and about 4 miles wide, and it has proved to be of real use to 
astronomers. In 1931 it passed by us at a distance of 17 million 
miles, and accurate measures of it were made, which helped 
considerably in measuring the scale of the Solar System and thus 
—indirectly—the distance between the Earth and the Sun. 

Several smaller asteroids can come even closer, and in 1937 a 
dwarf world, Hermes, passed at a distance of only 485,000 miles, 
less than twice as far as the Moon. Another asteroid, Hidalgo, 
swings out almost as far as Saturn; Icarus moves to within 
19 million miles of the Sun, so that at perihelion its surface must 
be red-hot. On the other hand there are two groups of ‘Trojan’ 
asteroids, named after the heroes of the Trojan War described by 
the poet Homer, which move in almost the same orbit as Jupiter. 
However, there is no fear of collision. One Trojan group keeps well 
ahead of the giant planet, while the other group follows far behind. 

After the discovery of the first four asteroids there seemed no 
particular reason to suppose that any fresh planets remained to be 
discovered—until Uranus began to behave in a peculiar manner. 

It should have been a straightforward matter to work out the 
way in which Uranus should move. This was particularly the case 
since, as we have seen, there were some early observations by 
Flamsteed and Lemonnier which showed Uranus clearly, even 


ORBITS OF SOME INTERESTING 
MINOR PLANETS. Whereas most of the 
minor planets revolve round the Sun at mean 
distances between those of Mars and Jupiter^ 
some have more eccentric orbits which take 
them away from the main swarm. Icarus^ for 
instance., has a perihelion distance less than 
that of Mercury; Hidalgo travels out almost 
as far as the orbit of Saturn. However^ most 
of these exceptional asteroids are very small, 
and so are extremely difficult to observe except 
when fairly close to the Earth 



SIZE OF EROS COMPARED WITH 
MALTA. Eros is one of the smaller asteroids, 
and is not even approximately spherical. 
Probably many of the other asteroids are of 
similar shape; but Eros is exceptionally easy 
to study, since its orbit occasionally brings it 
well within 20 million miles of the Earth 
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though neither astronomer had recognized it as anything but a 
star. However, these old observations did not seem to fit. Either 
they were unreliable, or else Uranus must be subject to unex¬ 
plained disturbances of some sort. 

One of the leading French mathematicians of the early nine¬ 
teenth century was Alexis Bbuvard, who began his career as a 
shepherd boy and ended it as a famous scientist. Bouvard re¬ 
calculated the orbit of Uranus, using only the observations made 
since Herschel’s great discovery of 1781. Yet even this would not 
do; Uranus refused to behave, and over the years it persistently 
wandered away from its expected path. 

Though the planets move round the Sun, each has an effect 
upon its companions; for instance, the disturbances or perturbations 
caused in the Earth’s orbit by the gravitational pulls of Venus, 
Mars and other planets can be measured. Jupiter and Saturn 
naturally perturbed the movements of Uranus, but Bouvard had 
allowed for all this, and still his calculations were wrong. 

In 1834 the Rev. T. J. Hussey, Rector of the Kent town of 
Hayes, made a most interesting suggestion. Suppose that an un¬ 
known planet were pulling on Uranus? This might account for its 
refusal to follow its expected path; and by working backwards, so 
to speak, it might be possible to track down the body responsible. 
Hussey went so far as to write to the Astronomer Royal, George 
(afterwards Sir George) Airy. However Airy’s reply was not 
encouraging, and Hussey did no more. 

In 1841 a young Cambridge student, John Couch Adams, made 
up his mind to attack the problem as soon as he had taken his 
degree. He passed his final examinations two years later, and then 
began to study Uranus in earnest. It was a real problem in detec¬ 
tion. He knew the way in which Uranus was being perturbed; by 
sheer calculation he had to track down the planet which was 
causing the effects, and naturally this was far from easy. 

By 1845 he had worked out where the new planet ought to be. 
He had no large telescope with which to search for it, and, natur¬ 
ally, he sent his calculations to Airy. Unfortunately Airy was still 
not particularly interested, and since Adams was^ still a young 
man he was reluctant to follow the matter up. 

Then, in 1846, similar calculations were published by a French 
mathematician, Urbain Le Verrier, who had approached the 
problem in the same way as Adams and had reached a very 
similar result. A copy of Le Verrier’s memoir reached Airy, who 
realized that it was high time to do something about the calcula¬ 
tions which he had received many months before. 

Accordingly Airy instructed two observers to start hunting in 
the position which Adams had indicated. One of these was James 
Challis, Professor of Astronomy at the University of Cambridge; 
the other was William Lassell, a Lancashire brewer who had 
become world famous as an amateur astronomer. Still there were 
delays. Challis had no good star maps of the area, and although 
he actually recorded the planet on August 4 and August 12 he 
failed to compare his observations. Lassell, by a stroke of ill for¬ 
tune, had sprained his ankle so badly that he was unable to join in 
the hunt at all. Meanwhile Le Verrier’s observations had been 
sent to Johann Encke, Director of the Berlin Observatory, and 
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THE TELESCOPE WITH WHICH 
GALLE AND d’aRREST DISCOVERED 

NEPTUNE. T^he telescope was a refractor 
made by Fraunhofer in 1820 



POSITIONS OF URANUS AND NEP¬ 
TUNE, 1781”! 840, Before 1822, Mp- 
lane tended to pull Uranus along; after 1822^ 
to draw it back 


Encke had at once passed them to two of his observers, Galle and 
d’Arrest. No time was lost. Galle searched the area with the 
telescope, while d’Arrest checked the stars against his chart. On 
September 25, 1846 they found a point of light which was not 
recorded on the map, and it proved to be the body for which they 
had been searching. It was named Neptune* 

Who really discovered Neptune? Galle first identified it from 
Le Verricr’s calculations; but Adams had finished his work earlier, 
and everyone now agrees that the honor should be divided 
equally between the Frenchman and the Englishman, It must be 
added, unfortunately, that the question of priority caused some 
bitter quarrels at the time, though neither Adams nor Le Verrier 
took much part m them. 

It was a great achievement, and the final triumph of Newton’s 
theories. Le Verrier had given the position of Neptune correctly to 
within one degree of arc, and Adams was almost as accurate* 

Neptune proved to be almost a twin of Uranus—slightly smaller, 
with a diameter of 27,700 miles, but slightly denser and more 
massive* Like Uranus, it is probably made up chiefly of hydrogen 
gas. It has an average distance from the Sun of 2,793 million miles, 
much less than expected from Bodc’s Law, and it goes round only 
once in 164I years* Large though it is, it is so remote that it cannot 
be seen without a telescope, A small instrument shows it as a tiny, 
rather bluish disk of about the 8th magnitude. Within a month of 
its discovery, Lassell-—having recovered from his sprained ankle—- 
found a satellite, Triton. Over a century later, in 1949, another 
much fainter moon, Nereid, was detected. 

As soon as Neptune became known, the orbit of Uranus was re¬ 
calculated and the extra perturbations taken into account. This 
time all was well, and even the old* notes of Flamsteed and 
Lemonnier fitted into place. The diagram will help to make the 
position clear. Before 1822, Neptune was tending to pull Uranus 
along, while after 1822 it gave an opposite effect. Had Uranus and 
Neptune been on opposite sides of the Sun during the early 
nineteenth century, the perturbations would have been much less, 
and it is not likely that Neptune would have been tracked 
down. 

Again the Solar System seemed to be complete, but Le Verrier 
at least was not so sure. He had discovered a planet beyond 
Uranus; was it possible that there could be another world at the 
opposite end of the Sun’s family, within the orbit of Mercury? 

Le Verrier believed so. Mercury, like Uranus, did not move 
exactly according to theory, and calculations showed that there 
might be an unknown planet pulling on it also. Le Verrier worked 
out its position, and even gave it a name—Vulcan, after the 
blacksmith of the gods. 

The trouble was that Vulcan would hardly be seen under normal 
conditions, since it would be drowned in the Sun’s glare. The only 
hope of finding it would be to catch it as it passed in transit across 
the solar disk, just as Mercury and Venus do* Consequently Le 
Verrier was delighted when, in 1859, he received a report from a 
French amateur, Lescarbault, that he had actually watched the 
passage of such an object. Lescarbault lived in the small town of 
Orgeres, and Le Verrier made haste to go and see him. 



NEPTUNE, Fr^m m by Pairkk Mu&n wtih m T^cior. Drawing by D, Hardy 
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DISCOVERY OF PLtfTOj Pluiois 

indicated by arrows. (Upper) Adarck 2. 
(Lower) March Th£ planet has moved 
appreciably in the interval. The bright^ over¬ 
exposed star to the left is Delta Gemimrum. 
Lowell ObsiTvatury photograph 


It must have been a strange meeting. By this time Le Verrier 
was Director of the Paris Observatory, and internationally famous, 
but he is also said to have been one of the rudest men who has 
ever lived, (Later in his career—in 1870—he was forced to resign 
his post, though he returned two years later when his successor, 
Charles Delaunay, was drowned in a boating accident off Cher¬ 
bourg,) Lescarbault, on the other hand, was intensely shy, and 
very much of an amateur. He was the local doctor, but also a 
carpenter, and he used to record his observations on planks of 
wood, planing them off when he had no further use for them. 

It is rather strange, then, that Le Verrier accepted the correct¬ 
ness of Lescarbault's observation almost w'ithout question. To the 
end of his life he continued to believe in his intra-Mercorian 
planet. But ‘Vulcan’ has never since been seen against the Sun, 
and it is now certain that the doctor-carpenter was wTong* The 
movements of Mercury have been satisfactorily explained, and 
Vulcan does not exist, though it is always possible that a few 
tiny asteroids move in orbits closer to the Sun than that of 
Mercury. 

Finally in the story of planet-hunting we come to modern 
times. Even after Neptune had been found, the movements of the 
outermost members of the Solar System still presented problems, 
and by 1903 Percival Lowell, who had founded an observatory 
at Flagstaff in Arizona, began a search for yet another planet well 
beyond Neptune. Lowell is best remembered for his theories 
about Mars, which will be described later, but he was also a first- 
class mathematician, and his calculations were based on the same 
principles as those of Adams and Le Verrier—though in some 
ways they were more difficult. The expected planet failed to show 
itself, and was still undetected when LowcH died in 1916. 

For some years the matter was dropped, but then another 
American, William H. Pickering, reinvestigated it and came to a 
similar conclusion. Again searches proved fruitless, and again the 
hunt was given up. 

The final triumph came much later. In 1929 astronomers at 
Lowell’s old observatory at Flagstaff started searching once more, 
using improved equipment, and early in the following year Clyde 
Tombaugh, now^ a famous scientist but then a young and unknown 
assistant, came across a very faint speck of light which proved to 
be the ‘ninth planet’. It was named Pluto, after the God of the 
Underworld, Since Pluto is so far from the Sun, it must be a gloomy 
place, and the name is an apt one. 

Yet—was it such a triumph after all? When Pluto was studied, 
it proved to be much smaller than expected. If our measures are 
right, it must have a diameter less than that of the Earth, and 
could produce no measurable perturbations in the orbits of giant 
planets such as Uranus and Neptune. Either Pluto is more massive 
than we think, or else the discovery was purely a matter of luck. 
So far the riddle remains unsolved. 

Is there another planet beyond Pluto? Some astronomers believe 
that there is, and if so it may be found one day, though it is certain 
to be very faint* Planet-hunting today is much more difficult than 
in the days of the ‘celestial police’ and Adams and Le Verrier, 
but it may not be over yet. 
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UP TO THIS POINT wc havT bccn able tc deal with tlie history of 
astronomy by taking each half-century or so and describing the 
main drvciopmeiils. A comparatively few famous names dominate 
the story: Aristarchus, Ptolemy* Copernicus* Tycho Brahe, 
Kepler, Newdon and Herschel among others. But from the time of 
Herschers death, such treatment is no longer possible* and it is 
necessary to lake the various branches of astronomy one at a dme, 
bringing the story up to the present day. 

First, then, Irr us consider how telescopes and other instruments 
were improved. 

Newton had developed the reflecting telescope mainly because 
he could ntu see how to produce a refractor which w^ould be free 
of the irritating false color* The aerial telescopes of men such as 
Huygens and Hevelim were remarkably clumsy, and unless belter 
lenses could be made it was quite obvious diat the refractor had 
little future. 

So matters stayed until 1729, when an English aniateur named 
Chester More Hall* who lived near Harlow in Esses, made a scries 
of interesting experiments and constructed the firsl compound or 
dihriimatic olsject-glass. Strielly speaking* such an object-glass is 
not one lens at all* but two—made of different kinds of glass* and 
placed close together. The false color produced by one lens will 
thus tend to be cancelled out by the other. 

More Hall's theory was basically wTong. However* he did man¬ 
age to build an achromatic refractor with a 24-inch object-glass 
and a focal length of only 20 inches. It was far from perfect* but it 
was a vast improvement on the old-type ‘monsters^* 

More Hall had no wish for fame, and he took no steps to make 
his discovery known. Not many people heard about it, and it w^as 
soon forgotten^ At this period the reflectors made by men such as 
James Short* a famous Scottish optician^ were regarded as much 
more promising. 

Then* in 17581 an instrument-maker named John Dollond re¬ 
discovered the principle of the achromatic object-glass. Helped 
by his son Peter* he began to make lenses for sale* and before long 
refractors came back into favor. Lens-making is much more 
difficult than mirror-grinding, but the refractor has certain 
obvious advantages over the reflector* even though it is more 
expensive and the false color trouble can never be properly cured. 

I’here were two great telescope-makers Living in the early part 
of the nineteenth century: Herschel, who made considerable sums 
of money by selJing mirrors (King George 111 * for instance* paid 
him 600 guineas each for four instruments of focal length 10 
feet)* and a young Germ an ^ Jo^ph von Fraunhofer. The 
difference between the two was that while Herschel concentrated 
on reflectors* Fraunhofer was much more interested in refractors, 
and his ambition was to build a lens telescope which would be 
better than anything which Herschel could produce. 

Fraunhofer was bom at Strauhing* m Bavaria, in 1737. Both 


gfftat Mescopcs 


his p^Ltcnts died while he was very young, and he had Hiilc schcroU 
ing. At Lht age of fourteen he was apprenticed to a Munich look¬ 
ing-glass-maker, Weichselberger. \Vt often hear of erucl masters 
and starved^ ill-ircatcd apprentices^ but in Fraunhofer's case the 
description fitted the facts^ and the boy was desperately unhappy. 
Then came an incident which altered his whole career. The 


tumbledown lodgings in which he lived collapsed for no apparent 
reason^ and Fraunhofer was trapped in the ruins. The rescue 
operations were watched by the Elector of Bavaria, who hap¬ 
pened to be driving past, and it pleased iiim to heftiend the lad. 
He provided Fraunhofer with enough money to buy his release 
from Weichselberger, and to educate himselt 

Later on the Elector would have had good reason to be pleased 


PALOMAS OBSERVATORY, (left tO 
right} Tht bmldinss: shown are ihg dofng qf 
iht tS-inch Schmidt camera; the rmdatSial 
quarfm; the dome of the Schmidt; 

ihe dome 0/ the soo-inch Hale rejlecior; the 
garage^ and the water tawer and reserve lank 


at the results of his good deed, since Fraunhofer became world 
famous. He joined the Munich Optical Institute in 1S06, and 
became its Director only seventeen years later, Hb lenses were by 
far the best produced up to that time, and when dilficult problems 
arose he solved them step by step. He was also the true founder of 
spedroscopjf^ which has provided us with moat of our modern 
information about the stars, and which will be described in 
Chapter 112. It was particularly tragic, LherdFore, that he died in 
1S26 at the early age of thirty-niiie+ 

In tSry Fraunhofer produced an object-glass of magnificent 
quality, 9I inches in diameter and of 14 feet focal length. It was 
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bought by the Russian Government for the Ohscrvatoiy at Dorpat, 
in E^itunia (which was then, as now, ruled by Russia)^ In 1S24 the 
telescope was ready, and during the fn I lowing years F- G, W. 
Struve, Dircrctor of the Observatory^ discovered 2,200 new double 
stars with its aid. ITie "great Dorpat refractor" has indeed had a 
distinguished history. 

In another way, too, the telescope opened a new era: it was 
clock-driven, 50 that it autoinatjcaliy followed the stars in their 
east-to-wesl movement across the sky. 

VVe know that the apparent daily motions of the Sun, Moon, 
planets and stars arc not real, but are due to the Earth^s rotation 
on its axis. Because the Earth spins from w^csi to east^ the stars 
seem to travel from east to west, describing palhs round the 
celestial |>o!e, nic movement is so slow' that to the naked eye it is 
hardly nDlkcablc except over a period of several minutes. When 
one uses a telescope, however, the movement becomes very 
obvious. An eyepiece giving a magnificatioti of, say, 200 will show 
only a very srnaJl area of the sky, and a star w^i|] seem to speed 
across the field, so that the telescope has to be shifted all the time 
to keep the object in viewv 

This trouble becomes worse with increasing pciwer, and it is not 
easy to push a telescope smoothly enough. The remedy is to 
mount the telescope equahrially^ driving it by some kind of 
mechanism so that it will swing round at such a rate as to keep the 
star firmly in the field of view% 

The idea of such a driven telescope originated with Robert 
Hooke, but in his day equatorial mounts were not built; even 
Herschcl’s great 40-foot reflector was an altazirrtuihf so that it had 
to be moved up and dow^n as well as from east to west if it were to 
keep a star in view, d’he Dorpat refractor was set up on an cqua- 
torial maunt, and was driven round by clockwtjrk. At the time, 
this was a daring new' development* Nowadays all large tele¬ 
scopes are driven, though in most cases electricity has replaced 
clockwork. 

The next great development lay not many years ahead. This 
w^as celestial photography, without which the modern astronomer 
would feel helpless. 

The story of photography would need a complete book to itself, 
hut it may be said to have begun with the W'ork of men such as 
Fox Talbot of England, and Nicephore de Niepce and Louis 
Daguerre of France, in the first half of the nineteenth century^ 
In J 839 Jean Arago, the Director of Baris Observatory, announced 
the discovery of the ^Daguerreotype^ process, and was quick to 
stress how' important it would be to astronomers. He even sug¬ 
gested that it would become passible to obtain an accurate map 
of the Moon in a few minutes, instead of by years of patient 
observation at the eye-end of a telescope. 

Early photography was very primitive, but in 1B45 two French 
pJiysicists, Fizcau and Foucault, took photographs of the Sun and 
recorded some spots. The first picture of the Moon was obtained 
as early as 1840^ by J. W. Draper in the Lfnitcd States, and ten 
years later W. G. Bond and J. Whipple, at Harvard CloUege 
Obser\'atory, managed to photograph the two bright stars Vega 
and Castor. 
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By i860 photography had made great strides, and was starting to 
be really useful in astronomical work. Today, of course, most 
research is carried out in this way, and the world’s greatest 
telescopes arc used mainly for taking photographs. There are 
several good reasons for this. Unlike the human eye, the camera 
cannot make a mistake, and it gives a permanent record which can 
be studied later on. Moreover the eye becomes tired after a few 
minutes’ observing, while the sensitive plate goes on collecting 
light all the time, building up an image. It is possible to photo¬ 
graph objects which are so faint that they cannot be seen visually 
even with our largest modern telescopes. 

The period of great telescopes began with HerschePs 48-inch 
reflector, which was not equalled in size for many years after it 
was first turned towards the sky. Then, in 1845, came an even 
larger telescope—again a reflector, this time with a 72-inch 
mirror made of speculum metal. It was made by an Irish nobleman, 
the third Earl of Rosse, and set up at his home at Birr Castle. 

Lord Rosse was born in 1800. He w'as a rich landowner, and 
entered Parliament when still an undergraduate at Oxford, while 
from 1845 until his death twenty-two years later he sat in the 
House of Lords as an Irish representative peer. However, his main 
interests were scientific. He had to learn by experience, and it was 
a real triumph when he first turned his giant reflector to the skies. 
As the engraving shows, the instrument was clumsy and incon¬ 
venient to use—it is said that the mounting caused nearly as much 
trouble as grinding the mirror—but its light-gathering power was 
tremendous, and Lord Rosse was the first to see that some of 
HerschePs Resolvable nebula:’ are spiral in form, not unlike 
Catherine-wheels. 

The Rosse telescope has long since been dismantled. The mirror 
lies in the Science Museum at South Kensington, and nothing 
remains at the original site at Birr Castle. However, it had done its 
work, and it represented a new stage in the development of 
astronomical instruments. 

The two greatest telescopes of the pre-1850 period had been 
built by private individuals; Hcrschel was an amateur until his 
appointment as royal astronomer following his discovery of 
Uranus, and Lord Rosse remained an amateur to the end of his 
life. But conditions were changing, and future large telescopes 
were confined to official observatories. When considering some 
of these observatories, it is natural to begin with one of the 
earliest and most famous of them all—Greenwich, 

There have been nine Astronomers Royal since Halley died in 
1742. Most of them have left their mark on the Observatory in 
various ways. Nevil Maskclyne, who held office between 1765 and 
1811, founded the Nautical Almanac^ which has remained the 
standard yearly reference book for astronomers and navigators, 
though it has now been combined with the leading American 
almanac. There was also John Pond, who followed Maskclyne, but 
who neglected his duties so badly that he was compelled to resign; 
and there was George BkldeH Airy, who reorganized matters 
when he succeeded Pond and who obtained many new instruments. 

It is often true to say that ‘men’s mistakes survive; their virtues 
do not’, and Airy is probably best remembered as being the man 
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who did ml discover Neptune although all the inlorTfiation had 
been put into his hands. Yet this is decidedly unfair. In Airy's 
hands Greenwich built up its reputation, and he was a great— 
though severe—administrator. 

Though Greenwich had been founded so that a star catalogue 
could be drawn up to help sailors in their iongilude-hnding pro- 
blentj it soon became a centre of purely astronomical research. 
During the office of Sir William Christiei who followed Airy, a 
^8-inch refractor was set up. and in 1934 a 36-inch reflector— 
known as the Yapp^ since it was presented by a wealthy enthusiast 
named Wilhann Yapp. 

Yet one difficulty became obvious as the twendeth century 
passed by; Greenwich was no longer a suitable place for an 
observatory. In the days of Charles II^ and even Queen V-^ictoria^ 
it had been a village outside London. Now London was spreading, 
and the smoke, grime and artificial lights hid the stars, so that the 
big telescopes could seldom or never be properly used. There was 
only one solution. Greenwich Observatory must move. 

Near the little Sussex town of Hailsham lies Herstmonceux 
Castle, where the skies are clearer and there are no inconvenient 
factories or lights. The drastic decision was made to shift the 
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Observatory there, lock, stock and barrel. The move took many 
years to arrange, but is now complete, and though Wren’s old 
building in Greenwich Park still stands it serves only as a 
museum. 

If you go to Herstmonceux, you will see the old castle look¬ 
ing exactly as it was before the astronomers came. The interior 
has been completely rebuilt, and is used as ofifices and living 
quarters, while the domes housing the Yapp reflector and other 
instruments lie on the rising ground near by. Within the next few 
years these telescopes will be joined by the 98-inch reflector named 
in honour of Sir Isaac Newton, This telescope, which will be by 
far the largest in the British Isles, is now under construction. The 
observatory in Greenwich Park had a long and honorable 
history; the Royal Greenwich Observatory, Herstmonceux, can 
took forward to a future no less profitable. 

Yet the British Isles do not enjoy a good climate from the 
astronomer's point of view. There is a great deal of cloud, and the 
seeing is usually rather poor. Conditions in some parts of the 
U.S,A, are better, and this brings us to the great American 
telescopes. The genius behind the first three of them was George 
Ellery Hale. 

Hale was born in 1868, and was fascinated by astronomy from 
boyhood. At the age of twenty-three he became famous for his 
invention of the speciroheliograph^ a special instrument used in 
solar studies, and indeed he was at that time interested chiefly in 
the Sun. 

His first observatories were privately financed by his father, 
a prosperous Chicago businessman, but they were too small to 
satisfy the young astronomer. In every way it w^is desirable to 
have a much larger telescope, and he first turned his attention to 
the possibilities of a big refractor. At this time the largest refractor 
in the world was that of the Lick Observatory, California. It had a 
36-inch object-glass, so that it dwarfed the 9|-inch Fraunhofer 
refractor which had been erected at Dorpat so long before. 

Hale wanted a 40-inch refractor, but naturally he could not 
afford anything of the sort. Only a few men would have been 
capable of making such a lens. The greatest expert in the world 
was Alvan G. Clark, also an American, but even to him the task 
would take years~and there was also the bill for the glass blanks, 
which alone would cost 20,000 dollars. 

In 1892 Hale met Charles T. Yerkes, who was immensely rich 
and who owned a large part of the city of Chicago. Yerkes could 
afford to pay for the telescope—and he did; the total cost came to 
34,goo dollars. Clark ground the mirror, and the Yerkes refractor 
was duly completed. In 1897, the observatory was opened. It lay 
at Williams Bay, on the shores of the lake about 70 miles from 
Chicago, and contained many instruments as well as the main 
telescope. Hale of course became Director, and within a few years 
the scientific results had more than justified the cost. 

There is a limit to the size of a useful lens. Anything larger than 
a 40-inch will begin to bend under its own weight, since it has to be 
supported round its edge (in fact a 48-inch object-glass was once 
made in France, and mounted, but proved to be of little use). The 
Yerkes refractor remains, and possibly always will remain, the 
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largest lens telescope in the world* To collect even more Hghtj it is 
necessary to go back to the reflector, A mirror^ remember, has 
only one reflecting surface, and can be supported at the back. 
Moreover it is easier to grind than a lens of equal light-grasp* 

Hale’s constant wish was: ‘More light!’ To explore the depths 
of the universe—the remote star-systems—was beyond even the 
Yerkes refractor, and accordingly Hale searched round for the 
money to build something even better* Again he was lucky, A 
great financial trust known as the Carnegie Foundationj so called 
after Andrew Carnegie, one of the few men as wealthy as Charles 
Yerkes, promised to provide a 60-inch reflector, George Willis 
Ritchey, unrivalled as a tel esc ope-maker at that period, took 
charge of the mirror-grinding. 

One important problem concerned the choice of a site. The 
Earth’s atmosphere becomes thinner with increasing altitude, and 
since the dirtiness and unsteadiness of the air is probably the 
astronomer’s worst enemy it is common sense to erect a large 
telescope on the top of a mountain. Two peaks in California 
seemed to suit all the requirements—Mount Wilson, and Palomar, 
Palomar was probably the better, since it was farther from any 
artificial city lights, but on the other hand it was very hard to get at, 
and so Hale and his colleagues decided upon Mount Wilson, The 
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6 o-iai:h telescope came Into use in J^oB, and more than fulfilled 
the hopes of its builders. 

Yet even before then^ a larger telescope had been plannedi The 
suggestion came from another millionaire, John D. Hooker of Los 
Angeles, who went to see Hale and asked whether it would be 
possible to build a lOO-inch reflector. Hale was sure that the 
answer was ^nd Hooker promised to provide the vast sum of 
45,000 dollars—enough to pay for the mirrorj though not for the 
mounting^ which also was bound to be very expensive. 

Money was only part of the programme; the work remained to 
be done. Casting the glass disk caused many anxieties even before 
the actual grinding could be begun* and to $hape the mirfor to the 
correct optical curve took Ritchey and liis team sbe years. Mean¬ 
while Andrew Carnegie had visited Mount Wilson, and had been 
so impressed that he had agreed to meet the cost of mounting the 
loo-inch mirror. 

One evening in November 19^7* while the First World W^ar was 
raging in Europe, Hale and three companions turned the Hooker 
reflector to the skies for the first time. They focused carefully on 
the planet Jupiter* and were appalled at what the>^ saw—a shim- 
meringj blurred image* lacking in any sort of detail. Could the 
mirror be useless after all* in spite of all Hooker, Carnegie and 
Ritchey between them had done? 

Hale was not snre. The dome had been opened during the after¬ 
noon, and the mirror had become warm. Large glass disks take a 
long time to cool down and regain their correct shape—and a 
distortion of a tiny fraction of a millimetre w^ould be too much. 
Hours later Hale went back to the telescope* and turned it towards 
the star Vega. This time all was well* and he knew at last that the 
telescope was as perfect as even he and Ritchey could have 
wished. 


MOUNT STROMCO OfiSERVATDRV* 
AUSTRALIA. Alpresent the largest rejifetar 
in the smikern hemisph^e is at Afaunt 
StromlOj al Cmberta in Auslralia 
Commonweaith Obsermtary ). The 
is ^4 inches in diamkr; the dame is 
shown in this photography The mailing parts 
of the telescope weigh 40 lotis^ whiia the 
rewhing has a weight 0/ jco tons—and 
yet cm be moved smoothly on its Irask ul the 
rale of one complete remlution in Jive minutes. 
Because qf the southern tatiiade^ askommers 
at the Commonwealth Observatory can study 
objects such as ike Clouds 0/ Magellan which 
cm never he seen iMr colleagues al 
Palomar or Afount 






THE 48-INGH SCHMIDT AT F ALOMAR. 

A Schmidt telescope^ perhctps more appra^ 
pTiately termed a Schmidt camera^ can 
photograph relatively large areas of ike sky 
with excellent definition. Instruments of this 
sort cannot he used for visual observations 



THE 50~INCH ZEISS REFLECTOR AT 
THE CRIMEAN AST RO P H YS I G A L 
□ BSERVATORY,u,s.s.R. Fhotograph by 
Patrick MoatCy tg6o 


It would be difficult to over-estimate how valuable the Hooker 
reflector has been to astronomy. It opened up entirely new fields of 
research; it was so much more powerful than any other instrument 
that it was in a class of its own. With it, for instance, Edwin Hubble 
proved that Herschcl had been right in suggesting that the ‘starry 
nebula:' were separate systems far beyond our Galaxy. It more 
than doubled mankind's knowledge of the universe. 

Last and so far the greatest of these huge reflectors is the 
200-inch at Paiomar Mountain, also in California. Again the idea 
was Hale’s, though unhappily he died in 1938 ten years before 
the instrument was finished. Again there were immense diffi¬ 
culties to be faced, both financial and practical; if making the 
loodnch mirror had been a hard task, the problems of the 200-inch 
were even greater. All were surmounted, and it was only fitting 
that the telescope should be named the Hale Reflector, At the 
opening ceremony on June 3, 1948, Dr. Lee Du Bridge, President 
of the Carnegie Institute, spoke some words which deserve to be 
remembered: ‘This great telescope before us today marks the 
culmination of over 200 years of astronomical research. For 
generations to come, it will be a key instrument in man's search 
for knowledge/ 

Galileo and Newton, even Herschcl and Fraunhofer, would 
have been staggered by the Hale reflector; it is so large that the 
observer sits in a cage slung inside the tube, and all movements of 
the telescope arc controlled by complex electric mechanisms. It, 
too, has provided an immense amount of information which 
could never have been gained without its help. 

Yet how many people have much idea of what a modern ob¬ 
servatory is like? The general impression is of an isolated dome on 
the top of a mountain, where an astronomer sits night after night 
gazing through a telescope and making notes, getting his sleep 
during the daytime {unless, of course, he is studying the Sun). 

Nothing could be further from liie truth. An observatory such as 
Paiomar is almost a city in itself. There are machine shops, living 
quarters, libraries, lecture halls, chemical and physical labora¬ 
tories, and photographic stores and dark-rooms; there are instru¬ 
ments of all kinds as well as the main telescopes. A telescope such 
as the Hale reflector is almost never used visually. Its main role is 
to take photographs, and the chief attention is riveted upon the 
distant star-systems. 

Neither docs an astronomer continue photographing for night 
after night. He may spend a week at the telescope, after which he 
will go back to ‘civilization'^—the town of Pasadena, if he has been 
working at Paiomar—and spend weeks or even months studying 
his pictures and analyzing the results, while another observer 
takes his place in the observatory itself. Even when the photo¬ 
graphs have been taken, the main work has only just begun. 

Other huge telescopes have come into use. For instance, the 
36-inch refractor at Lick Observatory, on Mount Hamilton, has 
been joined by the 120-inch reflector completed in 1958, while 
the McDonald Observatory, in Texas, has an 82-inch reflector 
dating from 1939- 

Europe and the United States lie to the north of the equator, and 
some of the southern stars never rise. This is unfortunate, since 
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MIRROR END OF THE 50-INCH 
ZEISS REFLECTOR AT THE CRIMEAN 
ASTROPH YSICAL OBSERVATORY- 

Photograph by Patrick Moore^ 



DOME OF THE 50-INCH REFLECTOR 
AT THE CRIMEAN AST RO P H YS I C A L 

OBSERVATORY, taken from the dome of 
the adjacent lounnck by Patrick Moore^ 
tg6o 



DOME OF THE 74-INCH REFLECTOR 
AT THE COMMONWEALTH OBSERVA¬ 
TORY j <3 ^ Mount Stromlo in Australia—the 
largest reflector in the southern hemisphere 


these regions contain objects of tremendous interest. It would be 
valuable to have a 200-inch reOector in, say, Australia or South 
Africa; meanwhile there is a 74-inch reflector at the RadcUfTe 
Observatory in Pretoria, a 60-inch at Bloemfontein, and two large 
refractors at Johannesburg. It is no longer necessary to take 
telescopes from the northern to the southern hemisphere, as 
Edmond 11 alley and Sir John Herschel had to do. 

Lastly, w'hat of Russia? 

Things have changed since the time of Lomonosov, and to¬ 
day astronomers in the Soviet Union are among the most advanced 
in the world. 7 'heir equipment, too, is as good as any. It was a 
disaster when one of their best observaiories, Pulkovo, was 
shelled by the Germans during their attacks on Leningrad during 
1941; every dome w^as destroyed, and the observatory had to be 
completely rebuilt, tliough it is tunv in full working order again. 
Among other Russian observatories are those at I’askhcnt, Abastu- 
mani and Burakan. 

The Crimean Astrophysical Observatory is favoured by good 
seeing conditions, and a 102-inch reflector has been set up there 
beside the older 50-inch rcHector. Moreover the Soviet authorities 
are now working upon a 236-inch telescope, wTich wall be larger 
even than the Hale and which should be completed before 197^^ 

Will this Russian reflector remain the 'biggest ever’? It is hard 
to say. The Earth's atmosphere is a crippling handicap; the larger 
the telescope, the worse tlie troubles become, and it may be that 
if we are to build yet more powerful instruments we will have to 
set them up either out in space, or on the surface of the Moon. 
This would have seemetl fantastic even a decade ago, but it may 
well have been achieved before the end of the twenty-first century. 

This description of modern observatories is very incomplete, but 
it may give an idea of how^ an astronomer of today carries out 
his work. He can make use of all the resources of science; he 
can call upon engineers, chemists, physicists and many others, and 
he is in constant touch with his colleagues all over the world. If a 
discovery is made at Palomar, then astronomers in Herstmonceux, 
Leningrad, Canberra or Tokyo tvill hear all about it wdthin an 
hour or two. 

Wc have come a long way since the days of Galileo. 
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MOUNTAIN SHADOWS, Ou the Mooriy 
the height of a mountain is measured by the 
length of the shadow which it casts on the 
adjacent plain. This photograph, taken in Ice¬ 
land in ^560, shows part of the volcanic plain 
of the Hellesheidi, some milesfrom Reykjavik, 
The shadows are clearly shown. There ij some 
analogy with the appearance which would be 
seen by an observer on the lunar surface, 
though the comparison should not be taken too 
far. Photograph by Brian Gulley 



THE LUNAR CRATER TYCHO. The 
central peak is a prominent feature. Lick 
Observatory photograph 



THE LUNAR CRATER ARISTILLUS, A 
prominent crater, photographed at the Pic du 
Midi Observatory 


1 THE VOLCANIC CRATER Of HVER- 

I FjALL, IN ICELAND. This vulcanoid, 
close to Lake Myvatn, bears a strong super¬ 
ficial resem b lance to a lunar era ter; the 
central peak a prominent feature. Photo¬ 
graph by Brian Gulley, /96b 


GALILEO COMPLETED his first telescopc towards the end of 1609. 
It was natural for him to turn it to the Moon^ since even with the 
naked eye it is possible to see light and dark patches on the lunar 
disk. Moreover the Moon is much the closest of all celestial 
bodies, and is the Earth’s companion in space. 

By Hcrschers time a great deal of information had been col¬ 
lected. It was known that the Moon is relatively small, with a 
diameter of 2,160 miles, and has only of the mass of the Earth; 
that its surface contains mountains, valleys and craters; that 
part of its face is permanently turned away from us, and that 
the so-called 'seas’ are not seas at all. It was also believed that the 
Moon has almost no atmosphere, 

Herschcl himself firmly believed the Moon to be inhabited, 
which meant that ‘air’ could not be completely lacking. However, 
H erschel’s main attention was concentrated on the stars, and the 
true founder of selenography, the physical study of the Moon, was 
Johann Hieronymus Schrdter. 

Schrdter was seven years younger than Herschcl, He was born 
at Erfurt, in Germany, and studied law at the University of 
Gottingen, He became a civil servant, and was appointed chief 
magistrate of the town of Lilicnthal, near Bremen. Here he set up 
an observatory, and obtained one of the telescopes made by 
William Herschel. Then, in 1792, he was visited by J. G, F. 
Schrader, Professor of Mathematics and Physics at the University 
of Kiri, Schrader was handicapped by his serious deafness, but he 
and Schroter had much in common; moreover Schrader was a 
telescope-maker, and he produced a 19-inch reflectoi which 
remained in use at Lilicnthal for many years, 

Lilienthal became a recognized astronomical centre. It was 
here that the 'celestial police’ met to organize their hunt for the 
supposed planet between Mars and Jupiter, and later on Schroter 
had various assistants, among them Karl Harding—discoverer of 
Juno—and Friedrich Bessel, who achieved lasting fame in later 
years as being the first man to measure the distance of a star. 

Schrdter’s work did not overlap that of Herschel, He was con¬ 
cerned almost entirely with the Solar System, and particularly 
with the Moon. He never produced a complete lunar map, and 
the chart by Tobias Mayer, which had appeared in 1776, re¬ 
mained the best until 1838. Yet Schroter made hundreds of care¬ 
ful drawings, and discovered many new lunar features. He was the 
first to give a proper account of the curious clefts, which look like 
cracks in the surface; indeed, the only previous record of them 
was contained in one observation made by Christiaan Huygens. 
Later selenographers were able to build upon the foundations 
which Schroter had provided. 

It is rather strange to find that the value of Schrotcr’s work has 
often been questioned. It is said that his drawings were clumsy, his 
telescopes poor, and his theories absurd. None of these criticisms is 
fair. He was not a ^ood draughtsman, but he seldom made a 
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THE MARE CRISIUM, AS DRAWN BY 
SCHROTER* This is a typical drawing by 
Schrdler^ who was the first of the great lunar 
observers. It is said, and with justificatian, 
that Schroter was a clumsy draughtsman; 
neverlhelcss he seldom made a serious mistake^ 
and the details are always clearly shown, as 
may he seen by comparing this drawing with 
a modern photograph. U shows the Mare 
Crisium or Sea of Crises, near the western 
limb oj the A^oon—one of the smaller but 
most conspicuous of the dark plains 


serious mistake—and though the ig-inch reflector may not have 
been first-clasSj the smaller telescope made by Herschel was cer¬ 
tainly excellent, Schroter was wrong in thinking that the Moon 
had an appreciable atmosphere, and that changes occurred on the 
surface, but his ideas were no more extreme than HcrschcFs, 
Schroteris work came to an unhappy end. During the Napo¬ 
leonic Wars, in 1813, his observatory was burned down, together 
with all his unpublished observations. Even his telescopes were 
plundered, and all that Schroter could do was to save as much as 
he could. He began work on a new observatory in Gottingen 
itself, but he was now an old man, and the effort was too great. 
His life was wrecked, and in 1816 he died. The remains of his 
observatory at Lilienthal were dismantled in 1840, and nothing 
now remains there apart from a memorial tablet. 

All those who examine Schrdteris books will be left with a feel¬ 
ing of deep admiration for him. He was a real pioneer, and one of 
the greatest of amateur astronomers. 

Meanwhile, a really good map of the Moon was badly needed, 
Wilhelm T.ohrmann, born at Dresden in 1796 and trained as a 
land surveyor, determined to draw one; he completed four 
sections of it, but unfortunately his eyesight failed, and he had to 
give up. 

At about the same time, Johann von Madler, a Berlin teacher, 
was giving private lessons in astronomy to a wealthy banker 
named Wilhelm Beer. Beer was an apt pupil, and before long the 
two men joined forces. Beer equipped his observatory with a fine 
3|-inch refractor made by Fraunhofer, and together they began 
work on a lunar chart. It appeared in 1837-8, together with a 
book, Der Mond (*The Moon’), containing a description of all the 
important mountains and craters. 

The map was remarkably good, and a triumph of patient, 
skilful observation. It was regarded as ^thc last word’ on the 
subject, but the results of its publication were unexpected. For 
some lime afterwards most astronomers neglected the Moon 
altogether, and turned their attention elsewhere, 

T he reason for this was simple enough. Beer and Madler 



THE HVGiNUS CLEFT, photographed at 
the Pic du A^idi Observatory. This is a 
prominent feature, visible in a very small 
telescope. Under low magnification il appears 
as a true crack or cleft, but close exajmnalion 
with a higher power shows that it ij, in part 
ai least, a crater-chain and not a genuine 
deft at alL In this photograph, many of the 
craterlike enlargements are shown. Hyginus 
it seif lies in the middle of the picture 





THE LUNAR GRATERS PTOLEMjEUS, 
ai-phonsus and arzacheLj photo¬ 
graphed by the English Astronomer 6\ ^ 4 * 
Hole with his 24-inch reflector at Brighton, 
Sussex. PtolemiEUs, the lowest of the three 
great plains, is one of the best-known of all 
lunar formations. It has no central peak. The 
central formation,^ Alphonsus, became parti¬ 
cularly notable in when .Pf. A. Kozirev 
observed an outbreak near the central peak. 
Arzachely the upper formation, is smaller and 
deeper, and has a more obvious central 
elevation 


believed the Moon to be a dead world—barren, lifeless, almost 
without atmosphere, and completely changeless. In their view, 
nothing had happened on the Moon for millions of years, or would 
do so for millions of years to come. They had charted the surface 
as well as possible with their Fraunhofer refractor, and other 
observers felt that there could be nothing more left to be done. 

The great ‘seas’, with their romantic Latin names such as Marc 
Imbrium and Oceanus Procellarum, are not so flat as they look. 
Even on their smoothest parts we can make out ridges, hills and 
craterlets dotted here and there, and the greater the magnification 
the more detail comes into view. Neither arc all the seas of the 
same kind. Some, such as the Mare Frigoris (Sea of Cold) are 


SUNRISE ON A LUNAR GRATER. ItL 

this drawing, the sunrise effects are shown. 
The Sun*s rays catch the top oj the wall 
before illuminating the floor, so that the wall 
gives the appearance of being separated from 
the main body of the Moon. The effect may 
be clearly seen in the photograph by G. A. 
Hole shown above. It is both interesting and 
instructive to make observations at intervals of 
a few hours, and note the changing appear* 
ance of a lunar crater during the progress of 
sunrise 
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SIZES OF SOME LUNAR CRATERS^ 

compared with the British hies 


ARISTARCHUS AREAj skoWlfig ikt gnat 
valley associated with Herodotus, Aristarchus 
is a well-marked crater, and is the brightest 
feature on the lunar surface. Photograph taken 
at the Pic du Midi Obsermtory 



REGION OF PLATO* Plato ilself 6o miles 
in diameter^ is the large darkfloored crater at 
the upper left. Lick Observatory photograph 


Profile of Afphonsus 

1 1 



PROFILE OF THE LUNAR CRATER 

ALPHONSU^* The shape is much more like 
a saucer than a well 


irregular in outline, but many of the best-marked grey plains, such 
as the Mare Crisium (Sea of Grises) and the vast Mare Imbrium, 
arc more or less circular. It is worth noting that the Marc Imbrium 
covers an area as great as that of the British Isles and France put 
together, while the Oceanus Procellarum is considerably larger 
than our Mediterranean, 

Mountains are common, and so are isolated peaks; Pico, on the 
Marc Imbrium, rises to 8,ooo feet above the plain, and is a splendid 
example. Most of the great ranges, such as the Apennines and 
the Alps, form the boundaries of seas, and this may also be true 
of the very highest mountains on the Moon—^the Leibnitz, which 
tower to at least 30,000 feet above the general level and are thus 



loftier than the Earth’s Mount Everest, However, the Leibnitz 
peaks and the almost equally lofty Dorfel Mountains lie so close 
to the Moon’s limb that they can never be really well seen. 

Some of the mountains near the Moon’s poles are so placed that 
they are always illuminated by the Sun, and 'night' upon their 
crests is unknown. The great French astronomer Camille Flam- 
marion justly named them ‘The Mountains of Eternal Light’. 

The craters dominate the lunar scene. Modern maps show well 
over 80,000 of them, ranging from the colossal Bailly, with a dia¬ 
meter of almost r8o miles and an area of over 25,000 square miles, 
down to tiny pits. Here again there are several types. Some have 
high walls, with interior terraces, and massive central peaks; some 
have lower ramparts, and no traces of central mountains; some 
are exceptionally brilliant, while others are dark-floored* Arist¬ 
archus, named after the famous Greek astronomer of ancient 
times, is so bright that William Herschcl once mistook it for a 
volcano in eruption, while Plato and Grimaldi show very dark 
grey floors* We can see why Hevelius* old name for Plato was 
'Greater Black Lake’. 

When a crater is seen near the terminator, so that it is v^holly or 
partly filled with shadow, it looks very deep* It is true that often 
enough the wall is 10,000 feet or more above the bottom of the 
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floor, and the dccrpest of all, named after Isaac Newtonj goes down 
about 30,000 feet. Yet the depths are not great when we compare 
them with the diameters, as is seen from the diagram showing a 
typical crater, Alphonsus, in cross-section. The wall rises to only a 
moderate height above the outer plain, and the inside slope too is 
gentle. Anyone standing inside a large crater would feel the 
reverse of *shut in’, and the walls would be visible only as low 
ranges of hills in the distance. With some craters, indeed, the 
ramparts would be below the horizon ahogelher. 

Clefts, first described in detail by Schroter, are common, and 
many arc visible with small telescopes. The Ariadaeus Cleft near 
the centre of the disk is 150 miles long, and even more striking is 
the curious winding valley close to the crater Herodotus, also 
recorded by Schrbter. Some areas arc criss-crossed with clefts, 
and the general impression reminds one of the cracks which 
appear in dried mud, though there is no true analogy. 

Among other features worthy of note are the valleys, such as the 
great ‘gash’ through the Alps; the domes, low swellings in the 
lunar crust; and the faults, the most prominent of which is the 
Straight Wall. In reality, the Straight Wall is not straight, and is 
certainly not a wall. The surface drops from west to east by a 
total of 800 feet, though the angle of slope is not particularly 
sharp. 

Most puzzling of all, perhaps, are the strange streaks or rays 
which arc centred upon some of the craters such as Tycho and 
Copernicus. The rays seem to be surface deposits, and are pro¬ 
minent only near Full Moon, when there are not many shadows. 
At present we have to admit that we have little idea of how they 
were produced. 

This then was the scene which was so carefully mapped by 
Beer and Madler* If it never altered there seemed to be no point 
in doing more; and when Madler left Germany in 1840 to go to 
Dorpat and turn his attention to the stars, lunar work was largely 
given up. Fortunately one observer, Julius Schmidt, kept on, and 
in 1866 he made—or thought he made—a surprising discovery. 

One of the most conspicuous of the lunar seas is the Mare 
Serenitatis, in the Moon’s northern hemisphere* On it lies a small 
but noticeable crater, Bessel. Some way to the north-east of Bessel, 
Beer and Madler had drawn a similar crater, which they had 
named Linne in honor of the Swedish botanist Carl Linnscus. 
Schmidt himself had drawn it in 1843, but in 1866 he found that 
the crater was no longer there* All that he could see was a white 
patch. 

Had something happened, so that the Moon was not so dead as 
had been thought? Schmidt believed so, and his announcement 
caused so much interest that astronomers turned their telescopes 
back towards the Moon. Arguments raged fiercely, and even to¬ 
day it is difficult to be sure whether Linne had really changed 
or not. 

I looked at it in 1952, and again in later years, with the 33-inch 
refractor at Meudon Observatory. As I saw, Linne now consists 
of a tiny pit lying on a swelling and surrounded by a white area. 
If it always looked like this, Madler and other early selenographers 
were wrong in describing it as a crater. Yet they were using small 



THE WESTERN MARE NUBIUM (Sea of 
Clouds)^ pkoiographed at the Lick Ohserva- 
torj} 



LiNN^:, photographed at the Fic du Midi, 
The lunar Apennines are shown^ together 
with pari of the Mare Serenitatis [Sea of 
Serenity ). Linne is the white spot in the lower 
part of the Mare 
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Map of the Moon 

This chart has been based on two half-moon 
photographs. The shadows are therefore not 
consistent, but the method enables most of the 
important craters to be shown in recognizable 
form. The features near the limb are not so 
clearly marked, since both the photographs con¬ 
cerned were taken under fairly high light for 
these areas, but various special features, such as 
the dark-floored craters Grimaldi and Riccioli, 
can be made out. In the map, the most prominent 
features are named, with the craters lettered in 
script and other objects (such as mountains) in 
capitals. For the ‘seas', the Latin names are used, 
so that for instance the Sea of Showers becomes 
the *Mare ImbriumL This is by far the best 


method, since the Latin names are international 
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LUNAR CRATERS, photographed with the 
2 Q 0 -inck Mate reflector at Paiomar. Among 
those shown are Copernicus (mid right), 
Stadius (near middle) and Eratosthenes 
(lower left). The photograph was taken 
under law lights so that the Copernicus bright 
rays are not visible 



COPERNICUS, photographed at Mount 
Wilson. This time the crater is shown under 
high lights and the ray-system is prominent 


telescopes, and although the evidence in favor of change is 
reasonably strong it is not conclusive* 

Schmidt was a German, but spent many years in Greece, and 
was Director of the Athens Observatory* He produced a large and 
good lunar map in 1878, and others also made their appearance. 
Edmund Ncison completed one in 1876, Walter Goodacre 
another in 1910, and so on. Later a detailed chart was prepared 
by Philipp Fauth of Germany, who established a private observa¬ 
tory and whose book, Unser Mond^ was issued in 1936. 

The last—so far, at least—of the great amateur observers of the 
Moon was a Welshman, Hugh Percival Wilkins, who was born in 
1896, and became an engineer. He began lunar work in 1909, and 
later moved to Kent, where he set up a 15^-mch reflector. He gave 
up practical engineering in 1940 to enter the Ministry of Supply, 
but his main interest was alw^ays in astronomy* 

Using his own observations, together with photographs taken 
with large instruments, Wilkins completed a lunar chart 300 
inches across. It shows a tremendous amount of detail, and it is 
not surprising that the work took him half a century. He retired 
from the Ministry of Supply at the end of 1959 in order to spend the 
rest of his life in revising his map, and it was particularly tragic 
that he died of a heart attack in the following January. 

I.unar pliolography began in 1840, but Arago was wrong when 
he said that it would quickly become possible to map the whole 
Moon Sn a few minutes’* The changing angle of sunlight causes 
remarkable apparent changes in the lunar landscape; a crater 
which is shadow-filled and very prominent one night may be 
hardly recognizable twenty-four hours later, particularly if its 
wails are low and incomplete. Various photographic atlases have 
been produced* Some of them are very valuable, and a new set of 
photographic charts has been produced in America by a team 
of observers led by G. P, Kuiper and E* A, Whitaker* 

Particular mention must be made of the splendid photographs 
taken by French astronomers at the Pic du Midi. This observa¬ 
tory, in the Pyrenees between France and Spain, lies nearly 
10,000 feet above sea-level, and the atmosphere there is particu¬ 
larly clear. Bernard Lyot, Audouin Dollfus and others have pro¬ 
duced pictures which are probably the best ever taken, though the 
telescope used, a 24-inch refractor, is much smaller than the giant 
American reflectors. (Only two lunar photographs have been 
taken with the Paiomar 200-inch, both of which are reproduced 
here, though the 60-inch at Mount Wilson has been more exten¬ 
sively used for lunar study.) 

Charting the Moon is fascinating work, but it is only a means to 
an end, Wc want to know what sort of a world the Moon really is, 
and wc want to know something about its past history. For 
instance, how were the craters formed? 

Originally they were thought to be volcanic, but they are not in 
the least like Earth volcanoes such as Vesuvius. Two English 
astronomers of the nineteenth century, James Nasmyth (also 
famous as the inventor of the steam-hammer) and James Carpenter, 
wrote a book in which they outlined a *fiery fountain* theory 
according to which the walls of a crater might be produced 
by material spurted out of the central peak* This idea has been 



proved to be wrong* There are many reasons for its rejection, one 
of which is that the walls of a lunar crater are often very massive 
and there is no known case in which a central peak rises as high as 
the top of the rampart. 

Another theory, still popular, was proposed by a German 
astronomer named Franz von Paula Gruithuisen* According to 
Gruithuisen, the Moon was once bombarded by pieces of material 
from space—meteors, in fact—which left the scars we still see as 
craters. Here too there are difficulties to be faced* The lunar 
surface is not uniformly peppered with craters; there are certain 
laws about distribution* For instance, when one crater breaks into 
another, as often happens, it is always the smaller formation which 
ruins the larger* It is hardly likely that all the larger meteors fell 
first, but the difficulty disappears if we suppose the craters to 
be volcanic* As the Moon aged, and became less active, the 
craters produced would be smaller. 

The Tay’ craters, such as Tycho, are particularly significant* 
On the meteor theory they must be the youngest formations of all, 
since the rays pass over all other features—craters, mountains, 
valleys and the rest. Yet Tycho, for instance, is over 50 miles 
across. If it were produced by a meteor, it would be expected to 
cause a ‘moonquake* which would shake down the walls of any 
craters already existing in the area* Nothing of the kind is seen, and 
some astronomers believe that the formation of the craters was 
much less violent, due perhaps to more gradual lifting-up and later 
sinking of the Moon’s crust. 

Then, too, there are formations on the Moon which look 
remarkably like Earth volcanoes* I have made a close study of 
these, and have listed well over fifty, which shows that they are 
much commoner than used to be believed. 

Up to 1958 there was no evidence for any activity on the Moon 
—apart from the rather doubtful case of the change in Linne* 
Then, however, a remarkable observation was made by Nikolai 
Kozirev, a Russian astronomer working at the Crimean Observa¬ 
tory with the 50-inch reflector there* 

On the night of November 3-4, Kozirev was studying the area 
of Alphonsus, which has high walls and a central elevation. 
Suddenly he saw a reddish ‘cloud’ close to the central peak, which 
moved slow'ly but perceptibly, 

Kozirev was equal to the occasion* The telescope was equipped 
with a spectrography used for photographing spectra, and he at once 
brought it into action. Though the ‘cloud’ lasted for less than half 
an hour, the photographs showed that there had been a rise in 
temperature of at least 2,000 degrees, and that hot carbon gas had 
been sent out. In fact there had been a volcanic disturbance, 

'Fhe observation was unexpected, and caused a great deal of 
argument, but the photographs could not be questioned, and it 
seems that there must be at least isolated pockets of heat below the 
Moon’s crust* On October 23, 1959, Kozirev again reported minor 
activity in the area, but much less definitely, I was observing the 
area at this time, but could see nothing unusuaL 

Though Kozirev’s work has shown that the Moon is not com¬ 
pletely inert, we must agree that any lunar activity is on a very 
minor scale. No great craters have been produced for many 



THE SOUTHERN UPLANDS OF THE 
MOON, photographed at Mount IVilson. 
The ray-crater Tycho, over 50 miles in 
diametery if shown rather above the centre of 
the photograph 



SPECTROGRAM OF ALPHONSUS, 

JVovember 3, This was the famous 

spectrogram taken by jV* A, Kozirev at the 
Crimean Aslrophysical Observatory^ showing 
that some sort of disturbance was in progress. 
The instrument used was the ^o-inck ^eiss 
rejkctor 



REGION OF THE CRATERS MERCATOR 
AND CAMPANUS, photographed at the 
Lick Observatory. Some of the interesting 
lunar domes are well seen 
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OCCULTATION OF VENUS BY THE 
MOON, December 20, 16^30^ Photo¬ 

graphed by K. Suguki with the S-inck refrac¬ 
tor at the Tokyo Aduseum of Science 



THE SOUTHERN UPLANDS OF THE 

MOON* Tycho is seen near the centre of the 
picture. Lick Observatory photo graph 


millions of years—perhaps hundreds of millions of years. Falling 
meteors must occasionally produce pitSj but that is alb 

One of the most obvious fects about the Moon is that it shows us 
no definite color. Reds^ greens and blues are absent, and every¬ 
thing seems to be either yellowish-grcy or else black shadow. It 
is also interesting to find that the Moon reflects only 7 per cent of 
the sunlight falling upon it, and is the poorest reflector of all the 
bodies in the Solar System, 

It may be that the whole surface is coated with dust or ash. One 
modern astronomer, T. Gold, has suggested that the dust may be 
hundreds of feet deep, so that, in his words, *spacc-travellers of the 
future will simply sink into the dust with their gear’* Not many 
authorities agree, and it is more generally thought that any dusty 
or ashy layer is only an inch or two in depth; but we do not really 
know. The Russian astronomer Nikolai Barabashov believes 
the Moon’s surface to be covered with a layer of crushed rocky 
stuff not more than three centimetres thick. 

Another problem concerns the existence or non-existence of an 
atmosphere round the Moon, Here again ideas have changed 
considerably during the last few years. 

There is an easy way to show that the Moon cannot have a 
dense ‘air’. As it passes across the sky, the Moon sometimes hides 
or occults a star; these occultations can be watched with small 
telescopes (provided that the star concerned is a bright one), and 
are fascinating. The star shines steadily until the very moment 
when the Moon’s limb sweeps over it. When this happens, the 
star snaps out suddenly. One moment it is there; the next it is 
not. 

If the Moon were surrounded by a dense atmosphere, the star 
would flicker and fade for some seconds before being hidden. 
Nothing of the sort has been recorded, which is enough to prove 
that even if the Moon has any air at ail, the density must be 
low. 

In 1949 a Russian astronomer, Y, N. Lipski, announced that 
by an indirect method he had found a lunar atmosphere with a 
ground density of about one-thousandth of that of the Earth, 
This value is low, and corresponds to what we normally call a 
vacuum, but it now seems that the density is even less than this— 
perhaps one-hundred-thousandth of that of the Earth’s atmosphere 
at sea-level. To all intents and purposes, then, the Moon is an 
‘airless’ world, though the term must not be taken too literally, 
and probably there is just a trace of a gaseous mantle. 

We know that the Moon takes 27^ days to spin once on its 
axis—the same time that it takes to go once round the Earth. 
This means that to anyone standing on the lunar surface, the 
Sun would rise very slowly, and would not set again for a period 
equal to almost two Earth weeks. Since there is practically no 
atmosphere to shield the surface, the heat would be intense. 
On the Moon’s equator, the moon temperature reaches over 
216 degrees Fahrenheit, hotter than the boiling-point of water, 
though at midnight it drops to 250 degrees below zero. (Nearer 
the poles the day temperature is much less, since the sunlight 
falls at a lower angle.) 

Suppose we could go to the Moon? We would find a strange 
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THE SINUS IRTDUM {Bay of Rainbows), 
on ihe border of ike Mart Imbrium. T^hu is 
one of the iomlxtsi formations on the whole 
Moon 

THE LUNAR CRATER CLAVIUS5 
photographed with the 2oO‘-inch Hale reflector 
at Palomar. Clavius is one of Iht very largest 
of the Adoon's craters^ and when on the termi¬ 
nator is clearly visible to the naked eye. The 
chain of craters inside it is particularly 
noticeable. Clavius is prominent even though 
it lies in an extremely crowded region of the 
lunar surface; its diameter is not far short of 
/50 miles 


world. The sky would be black, since there is no air to scatter the 
sunlight, and the Earth would be a brilliant object during the long 
night, flooding the barren rocks with radiance. The lack of 
atmosphere means that there could be no sound; sound-waves are 
carried by air, and the airless Moon is plunged in eternal silence. 
The horizon would be relatively close, and we would be faced 
with a landscape pitted with cratcricts and broken by mounds 
and peaks. Nowhere would there be any movement; nowhere 
would there be any life. 

One last problem concerns the origin of the Moon, In 1898 the 
English mathematician George Darwin—son of the famous 
biologist Charles Darwin, always associated with the theory of 
evolution—put forward a theory according to which the Earth 
and Moon used to be one body, and that the Moon broke away, 
leaving a scar in the terrestrial crust which is now filled by the 
Pacific Ocean. It is now known that this idea is not correct. 
Earth and Moon were never one; they were formed at about the 
same time, and in the same way. It is better to regard the Earth- 
Moon system as a double planet rather than as a planet and a 
satellite. 

Though the Moon is our nearest natural neighbor in space, we 
cannot yet claim to know all about it; our knowledge will be com¬ 
plete only when we manage to send space-ships to it. Meanwhile 
astronomers will go on studying it with their telescopes, just as 
Schroter, Madler, Schmidt and other great observers used to do in 
the past. 
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MAP OF MERCURY F. SckiaparelH 
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MAP OF MERCURY bj> E, AY, Atitomadi 
drawn from observations made with the 
Afeudori ;^-inch rffactor, AntoniadVs nomen- 
dature is riow in general use 


PHASES OF MERCURY- The Earth is 
assumed to he below the bottom of the page. 
When at its dosest^ and therefore largestj 
Alercury is *new\ and cannot be seen except 
when it is in transit across the face of the Sun 


THE SUN HAS AN interesting family- Its senior members are 
the nine planets, all of which have their own special features. 
We know a great deal about the third planet in order of distance, 
since it is the Earth on which we live, but with regard to the rest 
our knowledge is still far from satisfactory. 

Any small modern telescope will show the phases of Venus, the 
dark patches and white caps of Mars, the moons of Jupiter and 
the rings of Saturn. With larger telescopes, such as are possessed 
by many serious amateur observers, it is possible to do really 
useful work—particularly since the great reflectors at Palomar 
and elsewhere are kept busy on their studies of distant stars. 

First, then, let us look briefly at each planet in turn, beginning 
with Mercury and working our way outward from the Sun, 

The trouble about Mercury is that it is relatively close to the 
Sun, and never becomes conspicuous. It is always somewhere near 
the Sun in the sky, and is at its highest during daylight, when it is 
invisible without a good telescope equipped with setting circles. 
There is a story that Copernicus never saw Mercury in his life, 
owing to mists rising from the River Vistula near his home. This 
is probably ‘just another tale’—after all, Copernicus spent some 
time in Italy, where there is little rmst or fog—but we have to 
agree that Mercury is not easy to find with the naked eye. When 
visible at all, it appears either low in the west after sunset, or low 
in the east before sunrise. At its best it looks like a rather pinkish 
ist-magnitude star. 

Mercury often twinkles. In the ordinary way a planet twinkles 
much less than a star, because it shows a small disk instead of 
being a mere point of light; twinkling, of course, is due entirely 
to the unsteadiness of the Earth’s air. Mercury, however, is never 
visible to the naked eye at all except when near the horizon, so that 
it is shining through a thicker layer of atmosphere. 

Small or even moderate-sized telescopes will show little on 
Mercury, though the phase is easy enough to see. Schrotcr drew it 
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MERCURYj April ft.^ I2\f} tn^ 

rejlector, power ^yo. Drawing by Patrick 
Moore 



OLD DRAWINGS OF by Bianckini 

and Sckroter. The markings recorded by 
Bianchini^ at leasty are certainly illusory 


often, and also tried to draw a map of the surface markings. He 
even believed that he had detected a mountain 11 miles high. 
This was one of his mistakes; there may well be peaks on Mercury, 
but it is not likely that they reach so great an altitude. 

The first reasonably good map was drawn by an Italian astrono¬ 
mer, Giovanni Schiaparellij more than half a century after 
Schreitcr's time, Schiaparelli, born in 1835, became Director of 
the Brera Observatory, Milan, in 1860, and resigned only when 
his eyesight began to fail him; it is tragic to record that he was 
blind for several years before his death in 1910, 

Schiaparelli was an excellent observer. He decided to study 
Mercury during the daytime, with the Sun well above the horizon, 
since the planet would then be higher up and its image would be 
steadier. He managed to draw various dark patches on the surface, 
and gave them names. He also found that the axial rotation 
period is equal to the revolution period—88 Earth-days, Just 
as the Moon keeps the same face permanently towards the Earth, 
so Mercury keeps the same side turned towards the Sun, This 
means that part of Mercury has permanent ‘day*, and must be 
extremely hot, with a temperature of over 700 degrees Fahrenheit, 
On the opposite side, over which the Sun never rises, the cold 
must be intense. 

However, Mercury's path round the Sun is more eccentric than 
that of the Earth, There are elTects similar to the librations of the 
Moon, and the result is that over a certain area of the planet there 
is alternate day and night. Astronomers have nicknamed this area 
the ‘Twilight Zone’, Unfortunately we cannot find out its extent, 
because our maps of Mercury are still very approximate, 

Schiaparelli was followed by Eugene Antoniadi, who was 
Greek by descent but who spent most of his life in France, Anto¬ 
niadi mapped Mercury with the help of the 33-inch Meudon 
refractor, and his chart, published in 1933, remains the best we 
have. The names given to the various features are due to 
Antoniadi; the largest dark area is called ‘Solitudo Hermse 
Tristmegisti*—the Wilderness of Hermes (Mercury) the Thrice 
Greatest, 

Mercury is not a great deal larger than the Moon, though more 
massive, and it has practically no atmosphere. In 1950 Audouin 
Doilfus, at the high-altitude Pic du Midi Observatory, announced 
that he had found a very thin mantle, but the ground density 
cannot be more than one-three-hundredth of that of the Earth’s 
atmosphere at sea-level. 

Mercury must be the most unfriendly of worlds. Part of it is 
scorched, part of it chilled; it is almost airless, and we cannot 
imagine that any sort of life can exist there, 

Venus, the second planet reckoning outward from the Sun, is 
very different. It is about the same size as the Earth; indeed, if it 
is represented by a billiard-ball, the Earth would be another ball 
so similar to it that the two would have to be carefully weighed to 
find out which was which, Venus has a diameter of 7,700 miles 
as against 7,926 for the Earth, 

Like Mercury, Venus shows phases from new to full, sipce it is 
closer to the Sun than we are, (Galileo, as we have seen, used these 
phases to prove the truth of the Copernican theory,) Yet, very little 
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DRAWING OF VENUSj made on Sepiembtr 
/j by W. A/. Baxter with a 4-irwh 

reft actor. At this time Venus was praciicaliy 
at inferior conjunction^ The curve of the 
termmator is correctly shown as smooth; the 
SiTTaiions drawn by older observers such as 
Schroter are due to ejfecis of the Earth^s 
atmosphere^ and have nothing directly to do 
with Venus itself 


SIX PHOTOGRAPHS OF VENUS, taken 
with the loo-^^inch rejlector at Afounl Wilson 


else can be made out* As both Schroter and Herschel realized, 
Venus is covered with atmosphere, and this atmosphere is so 
’cloudy' that we cannot see through it. Nobody has yet glimpsed 
the true surface of Venus. 

Schiaparelli believed that Venus behaved in the same way as 
Mercury, keeping the same face permanently sunward. In this 
case the axial rotation period would be 224I Earth-days, which is 
the time which Venus takes to go once round the Sun, and there 
would be no true ’day' or ’night' there* However, this seems to be 
wrong* We still do not know the length of Venus’ rotation, but it 
may be about as long as a terrestrial month, though Russian work 
carried out in 1961 has yielded a value of only ro days* 

We can at least measure the temperature of the upper part of 
the cloud-layer which covers Venus, and between 1923 and 1928 
two astronomers, Edison Pettit and Seth B. Nicholson, obtained 
good results with the help of the 100-inch Hooker reflector at 
Mount Wilson. They used an instrument known as a thermocouple, 
A thermocouple consists of a circuit made up of two different wires, 
soldered end to end. If one of the joins is warmed an electric 
current will be set up, and the amount of the current is a key to the 
rise in temperature responsible for it. By using the 100-inch reflec¬ 
tor to focus the tiny quantity of heat from Venus, Pettit and 
Nicholson found that the upper atmosphere of the planet was well 
below freezing-point. Later results by W* M. Sinton and J. Strong 
show that the temperature there is about —40 degrees Centigrade, 
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APPARENT SIZE OF VENUS,/rom mw 

tojuli 



and there is little difference between the ‘day" and ‘night" sides, 
which seems to indicate that Venus does not keep the same face 
turned to the Sun all the time. 

Used together with a large telescope, a thermocouple is remark¬ 
ably sensitive. To detect the heat of a candle i,ooo miles away 
would be quite possible, and there is no reason to suppose that the 
values given for Venus are very far wrong. 

In 1932, also at Mount Wilson, W* S, Adams and Theodore 
Dunham analyzed the atmosphere of Venus, using powerful 
spectroscopes fitted to the r 00-inch, The results were rather sur¬ 
prising. Most of the Earth’s air is made up of the two gases oxygen 
and nitrogen, but that of Venus proved to be composed chiefly of 
carbon dioxide. There seemed to be so little free oxygen that Adams 
and Dunham could not detect it at all. 

Up to then it had been generally thought that Venus must be a 
moist world, not unlike the Earth must have been perhaps 250 
million years ago, Svante Arrhenius, a Swedish physicist, had 
suggested that ‘on Venus everything is dripping wet", and he 
thought that there might be vegetation, together with primitive 
creatures such as amphibians or even reptiles. But when it became 
clear that the atmosphere contains so much carbon dioxide, 
astronomers thought again. Carbon dioxide, they pointed out, 
lends to blanket in the Sun’s heat, in the manner of a greenhouse. 
The surface, then, must be fiercely hot, and probably a barren 
dust-desert. 

The Earth's atmosphere contains a high amount of water vapor, 



PHOTOGRAPH OF VENUS, taken on 
February /p, by //, E. Dull with his 

j^\-in€h rrfieclor 


VENUS, From observations by Fatrkk Moore, (Upper) L 
July 17 , igyg, i6h. 55m., 24-iwh reflector X JE50, r 
The southern cusp~cap is clearly sfmwn, (Lower) January 
5, ig§St i6h, 50m,, S2-§~inch reflector X 2^0, The 
Ashen Tight is shown^ but has been somewhat exaggerated 
for the sake of clarity^ Drawing by D, A, Hardy 
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APPARENT OPPOSITION SIZE OF 
MAREp Thi maxumnn each opposi¬ 

tion beiwtin and ir 



opHOSinoNs or mars^ 1956-71. It 
will ha ^ean that ihe most ur^avorabte 
appositions afe those of and 


and this makes it hard to detect water vapor in the eJouds of 
Venus. In late 1959^ iwo Americans, Cksinmander Ross (ihe piloi) 
and Ch B> Moore, went up in a baBoon^ and took instruments with 
them. They were able lo study Venus from a high altitude, above 
much of the water-vapor in the Earth^s air^ and they were able to 
show that there is mui^ture over V^enus also. There may, lu fact^ be 
just as much as there is m our own clouds. Recent studies by a 
young English astronomer^ Bp Warner, indicate that the atmosphere 
fif Venus may also contain some free oxygen. 

At the moment there are tw^o main theories of Venus, In spite of 
the Ross-Moore results, the dusl-dcscrt idea still has its supporters. 
More likelyj however^ is a suggestion by F. L. Whipple and D, H* 
Menzel that the clouds consist orH^O and that Venus is largely 
covered with w^ater. 

Another problem of V^enus concerns the so-called Ashen Light, 
or faint lumincKiity of the 'dark' side when Venus is a crescent. 
I'here is a similar effect in the case of the Moon, correedy explained 
by Lctsnardo da Vinci as being due to light reflected from the 
Earth. But Venus has no sateilite, and the Ashen Light is not easy 
to explain. 

It was Erst recorded in and has since been seen so often 

that its existence cannot be seriously questioned. It may be due to 
electrical effects in Venus^ upper atmosphere, and this view has 
been supported by recent cAperiments by Nikolai Kozirev in the 
Crimea. In such a case it may not be unlike our aurora: or Polar 
Lights, which will be described later. 

Obviously we know little about Venus^ mainly because its 
atmosphere hides the surface from our inquiring eyes. To the 
naked eye it is glorious» and it sometimes looks like a small lamp in 
the sky, shining brilliantly enough to cast shadows. Moreover it is 
the closest of the planets, and at inferior cotijunctiort is only about 
100 Limes as remote as the Moon, Yet it remains a world of 
mystery. 

Mars, the first planet beyond the orbit of the Earthy has a much 
thinner atmosphere—less dense than the air on the top of Mount 
Everest—and its surface details can be $ecn clearly. Huygens first 
drew them in 1659* and nowaday's accurate maps have been 
drawn up. 

At its closest Mars can come within 35 million miles of us, and 
appears as a superb red-colored object, brighter than any other 
planet apart from Vcnus+ These close approaches are rare—the 



A P F ARE N T SIZE OF MARS, In ihls drUW^ 

lFT_^j Aiars is shown^ to scale^ at iis ^raatesff 
mean and stnallest size iwji from Earth 
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next really good opposition will not take place until 1971—and 
when it is farther away Mars is difficult to study well. Its diameter 
is 4,200 miles, only a little more than half that of the Earth or 
Venus. 

Schiaparelli, Antoniadi and others charted the dark areas. 
Until fairly late in the nineteenth century these patches were 
thought to be seas, but then the new spectroscopic methods showed 
that the atmosphere is so dry that large seas are out of the question. 
Mars is a world which is desperately short of water, and it is more 
probable that the dark regions are made up of living organisms of 
some kind. 

The whitish polar caps, first seen by Cassini in 1666, arc certainly 
icy or frosty in nature. Yet when spring comes to Mars, the polar 
cap shrinks quickly—so quickly, indeed, that we can tell that it is 
very thin. Little water-vapor can be released, and it is thought 
that the polar caps cannot be as much as 6 inches deep. They arc 
very different from the immense tracts which cover the poles of 
Earth. 

When a polar cap shrinks, the dark areas near by seem to change. 
They harden and sharpen as though the plants were being revived 
by the arrival of a little moisture, and what has been called ‘a 
wave of darkening* sweeps down to the equator, taking many weeks 
to do so. This again indicates that the dark regions are likely to be 
due to living organisms. 

Moreover the outlines of the dark patches are more or less 
permanent. Schiaparelli, who studied Mars for much of his life, 
named them. I'he main patch, recorded by Huygens so tong 
before, is the Syrtis Major; we also have the Marc Tyrrhenum, 
Mare Erythraeum and so on. These names took the place of earlier 
ones, but are perhaps less appropriate. Syrtis Major used to be 
termed 'the Hour-glass Sea*, and it certainly is shaped a little like 
an hour-glass. When Mars is well placed, this dark, rather tri¬ 
angular patch is an easy object. 

Much of Mars is reddish in hue, and has been termed ‘desert*. 
Yet a Martian desert is likely to be very different from an Earth 
desert such as the Sahara. For one thing, it will be cold; even on 



MARS AND THE PLEIADES. September 
16 y J ’05 hours. Photograph by Ramon 

Lane 


MAP OF MARS, drawn by Patrick Aloore 
from observations made in ig 6 o- 6 i 
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5i^ASC3NAL DECREASE TH£ NORTH 
POLAR CAP OF MARS. From observations 
Palrick Aloore. (Top left) jVoo^bfr 
tgGOj jA. rtflf^tor X 

Alars was way 
Jffim iipposiiioR. (Top right) December 
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3 ^^-inch rejictor X ^goo, (Lowcf right) 
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the Martian equator at noon in midaummer^ the temperature 
never rises to more than about So degrees Fahrenheit, and the 
nights arc bitterly cold* since the atmosphere is too thin to blanket 
in the Sun's heat. An average summer night on Mars would send a 
thermometer down to at least icx) degrees below xero^ 

Moreover there can be no sand on MarSj and the modern view 
is that the reddish areas arc due to a layer of some colored mineral. 
They must be wild and lonely beyond our understanding^ 

The atmosphere h much too thin for any Earth-creature to 
breathe* and contains very little oxygen; it is probably made up 
mainly of nitrogen, together with some carbon dioxide and smaller 
quantities of Other gases. Clouds are seen frequently* but the large 
ones seem to be due to dust whipped up from the 'deserts* by 
wind. In 1911, for instance, Antoniadi saw a cloud which covered 


MARS. From an obstritaiwn by Patrick Mfwrc* 
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more tha-n halF the southern hemisphere of the planet. There are 
also the so-called ‘blue clouds', which are higher up and which 
are thought to be caused by ice This brings us on to the 

puzzling * violet layer'. 

Light, as we have seen* may be regarded as a w^avc-motion, and 
blue or violet light is of shorter wavelength than red or orange. The 
long waves are of considcmblc penetrative power* whereas the 
siiorl waves are not. If, therefore* wc take a photograph of Mars 
using blue or violet light, the picture will be blurred; the light is 
blocked by the planet^s atmosphere, so that all we are recording is 
the top of die mantle. By using red light* we can penetrate the 
atmosphere and record the actual surface. This effect may be 
demonstrated by photographs taken on Earth. 

The Martian atmosphere is very effective at blocking light of 
short wavelength, and this seems to be due to a high-aldtude layer. 
It is known as the Violet Layer, not because it looks violet— 
visually* it cannot be seen at aU—but bccaufse it blocks the violet 
rays. Its exact nature is still uncertain. 

The Sun sends out many radiations of short wavelength, and 
the-se rays are harmful. On Earth we are safe from them, because 
we are screened: by our atmosphere. Mars, tex), is generally pm- 
ter ted, but sometimes the Violet Layer clears away suddenly, and 
for a period the Martian surface Is exposed to the full short-w^av^e 
bombardmenE: from the Sun. At these limes the seasonal develop¬ 
ment of the dark areas seems to be halted, as though the plants 
were being damaged. When the Violet Layer re-forms, things 
return to normal. 

This is an extra indication that the dark patches really are due 
to living organisms, but it must be stressed that there Is no proof, 
and some astronomers believe that there is another explanadon of 
them. In any case the plants cannot be highly developed; there 
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THE MARTIAN *CANALs’ ACCORD¬ 
ING TO A* DOLLFUS. Under excelleni 
seeing conditions^ the canals appear as irregu¬ 
lar features rather than as straight lines 
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can be no trees, bushes, or colored flowers. It is more likely that 
Martian plants, if they exist at all, are as lowly as our mosses or 
lichens. They have to survive on a very hostile planet where there 
is not much water or oxygen, where rainfall is unknown, and w'herc 
the night temperature is extremely low. 

In 1877 Schiaparelli w'as busy mapping Mars when he noticed 
numbers of curious straight lines crossing the reddish * deserts’* 
They were quite unlike anything he had ever seen before, and he 
named them canaii, 1 his is Italian for ‘channels’, but the word was 
translated as canals, and it w^as suggested that they might be water¬ 
ways—perhaps even artificial ones, built by intelligent Martians* 

Schiaparelli seems to have kept an open mind, but the question 
was taken up in 1894 by Percival Lowell, whose name will always 
be linked with the Martian canal problem as well as w^ith his 
calculations w'hich led to the discovery of the planet Pluto. 

Low'cll was born in 1855, at Boston in Massachusetts. He was 
educated at Harvard, and then spent some time in the Far East; 
at one period he was American Councillor to Korea, He had 
always been interested in astronomy, and eventually he decided 
to devote his life to it. Fortunately he w*as well off, and he founded 
an observatory at Flagstaff, in Arizona, where he could carry out 
his w'ork under good conditions. He provided himself with a large 
refractor, and began to study Mars. 

Lowell was very definite in his views* He believed that Mars was 
the home of a highly-civilized race of beings, and that the streaky 
lines were true canals, arranged to carry water from the melting 
polar caps across to the dried-up regions near the equator* He 
drew attention to the fact that when two canals crossed, as they 
frequently did, there was a ‘blob’ or oasis, presumably a centre of 
population. He charted hundreds of canals, and thought them to 
represent a planet-wide irrigation system. 

Such theories caused fierce discussion, and the arguments 
w'ent on even after LowclPs death in 1916, Nowadays few people 
believe that the canals are artificial, partly because the polar caps 
have been found to be too thin to supply even one major waterway, 
and partly because we now know that conditions on Mars are un¬ 
suitable for intelligent life as we know it. It is not even certain 
that the canals exist at all, and they are in any case much less 
regular and straight than Lowell thought; the human eye tends 
to join up spots and streaks into hard, fine lines* 1 can only say that 
I have studied Mars with very large telescopes and have never 
seen a Lowell-type canal, though irregular patches exist. 

This is no reflection upon Lowell; he was a great astronomer 
w^ho did much for science. It means that on this occasion, his ideas 
have not been confirmed by later work. 

The question is not finally settled, and Lowell’s canal-system 
still has its supporters. Unfortunately photographs of Mars are not 
good enough to clear the matter up, since very fine details do not 
show with sufficient clarity. 

Another discovery was made in 1877, Asaph Hall at 

the Washington Observatory* During his boyhood Hall was 
apprenticed to a carpenter, but soon made his mark in the 
astronomical w'orld, and became an expert observer and mathema¬ 
tician. 
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While he was studyiTig Mars^ Hall found two liny poinlsoflight 
which proved to be satellites. They were named Phobos and 
Deimos, and showed themselves lo be remarkable bodies^ Both are 
small—Phobos about a dozen miles in diameter^ Deimos even less 
■—and both are clo^c to Mars. Phobos moves at a distance of only 
3*700 miles above the Martian surface^ and it goes round the 
planet in only 7 hours 39 minutes. The rotation period or 'day' of 
Mars is, as w^e have scen^ half an hour longer than ours* Therefore 
BO far as Phobos is concerned, die "month' is shorter than the "day\ 
To an obser%'er on Marg Phobos would seem to rise in the west, 
move atross the sky, and set in the east 4^ hours later, during 
which time il would pass through more than half its cycle of 
phases. If it rose as a thin crescent, it would be nearly full before 
it set. We must note, how'ever, that for long periods it would be 
eclipsed by Mars' shadow, just as our Moon is sometimes eclipsed 
by the shadow of the Earthn 

Deimos is equally strange in its own way, Ii is some 13,500 miles 
from the Mar dan surface, and goes round once in 30 hours, so 
that it would remain above the Martian horizon for two and a 
half days at a lime, during which period it would go through all 
its phases twice. Yet because Phobos and Deimos arc bo small, 
they would give very little light to aji observer on Mars. 

In every way Mars is a fascinating world. It is more Earthlike 
than any other planet; and even if Lowell were wrong in believing 
it to support intelligent life, the probable existence of living 
oi^anisms show^s that it is by no means a dead planet. 

Beyond Mars comes the zone of the asteroids, and still farther out 
w^e reach the four giants—Jupiter, Saturn, Uranus and Neptune. 
All are huge, and all seem to be built upon the same pattern^ so 
that they have many points in common. 

A century ago it w^as thought possible that the giants might be 
*dw^arf suns’ with hot surfaces, sending out considerable light 
and heat of their own. We now know that this is not the case, and 
that all four arc bitterly cold, with temperatures ranging from 
—300 degrees Fahrenheit for Jupiter down to —360 degrees for 
Neptune* 

The outer gasc$ can be analysed by means of the spectroscope, 
and it is found that most of the outer ^clouds^ are made of hydrogen 
together with hydrogen compounds such as ammonia and methane 
(marsh-gas)* According to a theory due to Rupert Wildt, of the 
United States, a giant planet consists of a rocky core surrounded 
by a deep layer of ice which is in turn overlaid by the hydrogen 
atmosphere; with Jupiter^ the core would be 37,000 miles in 
diameter, the ice-layer 17,000 miles thick and the atmosphere 
fl,Ot>o miles thick. Anotliqr idea, due to VV* H. Ramsey of Britain, 
suggests that a giant is composed mainly of hydrogen all the way 
through, though near the cejitre of the globe the hydrogen will be 
under such tremendous pressure that it will start to behave like a 
metal. 

Jupiter spins on its axis very^ quickly* The rotation period is only 
9I hours, and this means that the equator bulges out—giving the 
planet a flattened shape, as shown in the drawings. DiOerent 
regions rotate at difierent speeds, and the region near the equator 
(System I) has a period several minutes shorter than for the rest of 
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the planet {System 11 ), Moreoverj special features, such as spots, 
have rotation periods of their own. 

Through a small telescope Jupiter shows as a yellowish, flat¬ 
tened disk, crossed by the streaks which we term belts. Generally 
a 3-inch refractor will show at least four belts, and sometimes as 
many as six, while with larger instruments there is a tremendous 
amount of detail. As Jupiter rotates, the markings are carried 
from one side of the disk to the other—^as with sunspots, though 
here the time taken to pass from limb to limb is only five hours 
instead of a fortnight. The shifting becomes noticeable after only a 
few minutes. By timing the moments when certain features cross 
the central meridian, it is possible for astronomers to measure the 
rotation periods of the various zones with great accuracy. 

Much of this work has been carried out by amateurs, and in 
particular by members of the Jupiter Section of the British 
Astronomical Association. This Association was formed in 1890, 
and has a distinguished record of observational work. Among its 
greatest students of Jupiter have been a clergyman, the Rev. 
T. E. R, Phillips; F. J. Hargreaves, and B. M. Peek. Phillips is dead, 
but Hargreaves and Peek continue the work. It is probably true 
to say that Jupiter is the best of all objects for the serious observer 
armed with a small or moderate telescope. 

The details in the belts are always changing, and this applies 
also to the spots. Special features on Jupiter do not generally last 
for long, as is only to be expected, since the surface is made up of 
gas. The chief exception is the remarkable object known as the 
Great Red Spot, 

The Spot first became prominent in 1878, developing from a 
pale pink, oval marking into a brick-red area 30,000 miles long by 
7,000 miles wide, so that its surface area was equal to that of the 
Earth. It attracted a great deal of attention, and was traced with 
fair certainty on earlier drawings. Schwabe, discoverer of the 
eleven-year sunspot cycle, had recorded it in 1831, and Hooke 
may have seen it as long ago as 1664. 

The bright red hue did not persist, and since 1890 the Spot has 
faded. Sometimes it has vanished altogether (as in 1959), but it has 
always returned. 

It has been suggested that the Spot is the top of a gigantic 
volcano poking out through the cloud-layer. Unfortunately for this 
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theory the position changes, and the spot drifts about within 
certain liinjls approximately mjOOO miles to either side of its mean 
position. It Is more likely to be a solid or semi-solid body floating in 
the gas, and Peek believes that it may be due to solid helium, 
though we do not really know. 

Jupiter's four chief satellites, first seen in 1609 by Marius and 
GalileO;, are easy objects; some cxcepdoiially keen-eyed people can 
see them without a telescope. Eight more moons have been found, 
but all are tiny and require powerful instruments. No. 5, dis¬ 
covered by E. E, Barnard in 1S92, js closer to the planet than any 
of the *CJalileans^ and goes round once inn hours 57 minutes. 

*rwo of the main satellites, Ganymede and Callislo, are larger 
than the planet Mercury, but seem to be without atmospheres. 
The remaining twO| To and Europa, are much the same size as our 
Moon. Astronomers at the Pic du Midi have recorded surface 
features on all ff>ur, and have even gone so far as to draw up 
preliminary ma|M. 

Saturn, the outermost of the planets known in ancient times, is 
much more remote ihan Jupiter. Its average distance from the 
Sun is 886 million miles, and its 'year" is over 29 times as long 
as ours. Moreover it is smaller than Jupiter^ and even more 
flattened at the poles. The diameter as measured through the 
equator is just over 75ti>oo mik-s, while the polar diameter is less 
than 70,000 miles. 

The belts are much lesfl conspicuous than Jupiter^s^ though a 
moderate telescope will show several. Spot$ arc rarCj but when 
they do appear they are of special interest. I’he most important 
spot of recent ycar$ was found on August 3, i 933 s ^ British 

amateur named W. T. Hay. 

William Thompson Hay was born at Aberdeen in i 808 . He was 
apprenticed to an engineer^ but at the age of twenty-one he gave 
up this career and went on the stage. Before long he had made a 
great reputation as a variety artist; many people wall remember 
HVill Hay', the comic schoolmaster. Later he played leading roles 
in film comedies, some of wliich were written specially for him. 

He was interested in astronomy from an early age^ and was a 
skilful observer* The spot on iaaturn was discovered with the fi-inch 
reflector at his private observatory at Norbury^^ near London, but 
in fact Hay's most important work was in connection with comets, 
though he was also a clever instniment-maker. 

The 1933 spot became prominent for a time, and was strikingly 
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white- It gradually letigLhenrdj and the portion of the disk follow¬ 
ing it darkenedj ai though Tnaterial were being thrown up from 
below the surface of the gaa-laycr. Like other spots on Saturn its 
period of vi$ibjJity was short, and nothing similar has been seen 
sincej though a moderately conspicuous spot appeared in i960. 

The glory of Saturn is in its ring-system^ w^hich may be well seen 
with a small telescope when the rings are at their most ^opm^ So 
far as we know there is nothing else like them in the heavens. 

The system is of vast extent. From side to side it measures almost 
lyojooo miles- The outermost ring (A) is lOjOOo miles wide; then 
comes Cassini^a Divisionj with a width of 1,700 miles, and then the 
brightest ring fB) 16,000 miles wide.^ Johann Encke^ once Director 
of Berlin Observatory and the man who instructed Galle and 

Arrest to hunt for Neptune^ discovered tt less obvious division In 
Ring and several more have been reported, though Jt is by no 
means certain that they are true gaps similar to Cassini^s. 

The inner ring* C—the so-called Crepe Ring—has a curious 
history, which takes us back to the early days of astronomy In 
America. 

In 1835 William Cranch Bond, a watch-maker who had taken 
up astronomy as a hobbyj, was watching Halley^s Comet from his 
private observatory, together with his son Geoi^e. At that dme 
there were no large telescopes in the U.S.A., and it occurred to 
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Bond and others that ihe time hid eomc to remedy maLters 
Citizens in Boston and elsewhere subscribed the money for a large 
instrumentT and in 1847 a 1 fj-inch refractor was set up in a wooden 
tube at Cambridge^ MasEachusetts. lliis was Lhe start of the now 
world-famous Har\^ard College Observatory * 

On July 1S50 George Bond was observing Saturn w ith the 

15-inch when he noticed a third ringj closer to the planet than the 
old ones and much fainter. Indeed^ it seemed to be almost trans¬ 
parent. The discovery, as interesting as it was unexpected, was 
made independently at about the same time by a British clergy¬ 
man, the Rev. William Rutter Dawes. 

The 'Crepe Ring" is not a particularly difficult object to observe, 
and it is strange that nobody recognized it before Bond and Dawes 
did so in 1K50, Even Herschel, who had discovered the two liny 
inner satellites Mimas and Enceladus, had not identilled it. There 
have been suggestiom that the ring has brightened up since 
Herschel's day, but this would be hard to account for, and we must 
assume that the older observers simply overlooked it, ft is worth 
adding that at various times since 1909 there have been reports of 
another "crepe ring\ this time outside the main ones, but it has not 
been confirmed^ and probably does not exist. 1 made a special 
search for it with the Meudon 33-lnch refractor at various times 
between 1953 and 1958, but without success. 

What could the rings be? In 1848 a solution w'as provided by 
the French mathematician £dDuaTd Roche, who proved that the 
system is too close to Saturn to be a solid or liquid sheet. Within a 
certain limit, now known as 'Roche's Limit\ a solid or liquid body 
would be disrupted by the gravitational pull of the planet—and 
the rings lie well inside the danger zone* Roche therefore sug¬ 
gested that the rings must be made up of numerous small pieces 
of material, moving round Saturn in the manner of tiny moons. 
This idea was proved by the w^ork of an American astronomer, 
James Keeler, who showed that the inner ring^ go round faster 
than the outer ones. 

We are still not certain about the nature of the ring-particles* 
but according to G. P* Kuiper they are made up largely ofice—or 
are at least coated with icy material. 

The Cassini Division is due to the pull of Saturn’s satellites* 
particularly the innermost—Mimas—^whith Is only 30,000 miles 
beyond the edge of Ring A, Yet Mimas is a small body only about 
300 miles across. 

Altogether Saturn has nine satellites. Titan, the brightest* 
discovered by Huygens in 1^55, is the largest satellite in the 
Solar System* with a diameter of about 33500 miles* It is also the 
only satellite known to have an atmospJiere. Of the rest, Cassini's 
four (lapctus, Rhea, Dionc and Tethys) have diameters ranging 
from 800 to about j,6oo mUcs, while Mimas and Enceladus arc 
about equal at 300 lo 400 miles, and Hyperion^ discovered by Bond 
in 1848, is smaller slill. The outermost satellite* Phmbc* found by 
H. Pickering in 1698, is a real dwarf only 150 miles across. 
It is Over 8 million miles from Saturn* and goes round the 
Vrong way\ in the manner of a car going the wrong way in a 
roundabout. It is not unique; several of Jupiter's minor moons, 
all of Uranus’, and one of Neptune's do the same. 
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In 1904 Pickering announced that he had found yet another 
satellite of Saturn. He named it ThcmiSj but it has not been seen 
since, and it seems certain that what Pickering saw svas merely a 
faint star* 

Not much is kmiwn about the two outer giants, Uranus and 
Neptune, which are almost perfect twins* They seem to be made on 
the same paUem as Jupiter and Saturn, but surface details are 
hard to make out simply because they are so far away. Neptune is 
so remote that it takes over 164J years to complete one jotimey 
round the Sun, while Uranus requires B4 years. 

Uranus is interesting because its axis is sharply tilted to the plane 
of its orbit. The inclination is more than 90 degrees^ and the 
'seasons" there must be very odd* First much of the northern 
hemisphere, then much of the southern, wdll have a night lasting 
for Earth-years. As seen from Earth, it sometimes happens that 
we look straight 'up' at the pole of Uranus^ as was the case in 1945. 

Ikith the outer giants have satellites, Uranus has five, Neptune 
tw^o. Of Neptune's attendants, one (Triton) is over 3,000 miles 
across; the other (Nereid) is a dwarf, and has a very eccentric orbit, 
so that its distance from Neptune varies betw^cen I and 6 million 
miles. 

Finally we come to Pluto, tracked dowm in 1930 as a result of 
Loweirs calculations. It can be seen with a moderate telescope, hut 
looks like nothing more than a faint speck of light, and at^ut its 
surface features wc know nothing at all, though from brilliancy 
variations the rotation period has been estimated at 6 days 9 hours. 

One of the most curious facts about Pluto is that it has an nrbit 
which is unusually eccentric and inclined. At perihelion it 
approaches \ss closer than does Neptune, arid the diagram shows 
that it actually 'crosses" Neptune^s path, diough the tilt of 17 
degrees means that there is little fear of a collision. It is, however, 
possible that Pluto used to be a satellite of Neptune which wa$ 
disturbed in some way many millions of years ago and has moved 
off on its own. 

From PlutOj the Sun would appear only as a small though 
intensely brilliant isnurce of light. Powerful telescopes might show 
Neptune and Uranus, but the Earth and the inner planets would 
be quite beyond the range of vision^ and our imaginary Plutonian 
astronomer could never learn of their existence. 

We must not over-estimate the importance of the planets. All 
of them, including the Earth, are very junior members of the 
Galaxy, and even Jupiter, which wr regard as a giants is insigni- 
hcant ill the pattern nf the universe. Yet w^e are naturally ctm- 
cemed with our near neighbors in space, and the astronomers who 
have spent counties?: hours in studying them have not wasted their 
timr. 
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WE HAVE ALREADY discmscd the planet-hunters. Now let us 
turn to the comet-huntcrs, starting with the first and perhaps 
the greatest of them all—the French observer Charles Messier. 

Messier was born in Lorraine in 1730, and spent most of his 
active life in Paris, where he observed with a small telescope 
installed on top of a tower. He independently discovered Halley’s 
Comet at its return to perihelion in 1759, though he did not see it 
until after Palitzsch had done so. From that time onward Messier 
undertook a systematic search for new comets, and discovered 
twenty-one of them, as well as studying many more which had been 
found by other astronomers. The French King called him ^the 
ferret of comets’, and the nickname was a good one* 

It was during these searches that Messier drew up his famous 
catalogue of star-clusters and nebulae. However, comets were his 
chief concern, and he continued working away until only a few 
years before his death at the age of eighty-seven. 

Caroline Herschel discovered half a dozen comets, and another 
early "hunter’ was Pierre Mcchain, who also worked in Paris and 
who found eight comets between 1781 and 1799* ^tit the true 
successor to Charles Messier was Jean Louis Pons. 

Pons, born in lyhi, went to Marseilles Observatory in 1789— 
but not as observer or director; he was given the job of doorman 
and general caretaker. His interest in astronomy was so keen that 
the observers gave him all the help they could, and Pons later out¬ 
shone them all. He was made assistant astronomer in 1813, and in 
1819 left Marseilles to become Director of the new Observatory at 
Marlia, near Lucca. He ended his career as Director of the Museum 
Observatory in Florence, where he died in 1831. 

In its way, Pons’ career is as romantic as any in science. There 
can be no other case of an observ-atory doorman rising to the rank 
of observatory director, earning an international reputation during 
his lifetime* 

Pons discovered thirty-six comets. One of them, seen in 1818, 
proved to be of particular interest, because when its orbit was 
computed by Johann Encke, at that time assistant at Gottingen 
Observatory, it was found to move round the Sun in a period of 
only 3.3 years. Working backwards, much as Halley had done, 
Encke decided that the comet was identical with those observed in 
1786 by Mechain, 1792 by Caroline Herschel, and 1805 by Pons 
himself. In fact, Pons had discovered the same comet twice! Encke 
predicted that the comet would return in 1822, and it did so* 
Since then it has been seen regularly every 3.3 years, and the 
reappearance during i960 was the forty-sixth observed return to 
perihelion. 

Fittingly, the comet was named in Encke’s honor, but it is 
more general nowadays to name a comet after its actual discoverer* 
Thus when Robert Burnham found a new comet in December 
1959, it was officially known as Burnham’s Comet. (It was, 
incidentally, visible without a telescope, and when at its closest to 
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ALCOCK^'S FIRST COMET OF 1959* 

Drawing by G* E. Z). Alcock 



alcock’s second comet of 1959 * 
Drawing by G. E. Z). Alcock 


THE GREAT COMET OF iSlI, Tkis 
woodcut shows one of thi most spectacular 
comets ever observed 


the Earthj in late April 1960, was in the region of the north 
celestial pole.) 

There are also special systems for numbering comets. Each time 
a discovery is made, it is given a year and a letter; the first new 
comet of 1959 was 1959a, the second 1959b, and so on, BurTiham*s, 
the eleventh and last, was 1959k, A year followed by a Roman 
numeral indicates that the comet has been designated according to 
its time of perihelion; the first i960 comet to reach perihelion was 
i960 I, and the next i960 II. 

Encke*s was the first known short-period comet, but nowadays 
the list runs into several dozens. All are faint, but their movements 
are so well known that astronomers always know when and where 
to expect them. During i960, for instance, nine periodical comets, 
one of which was Encke*s, were under observation at various times. 

Comets have very small mass, and are strongly influenced by the 
planets, particularly Jupiter. It is no coincidence that so many of 
them have their aphelion distances near Jupiter’s orbit, while 
Saturn, Uranus and Neptune have similar though less numerous 
comet-families. The orbits may be highly inclined, and some 
comets, notably Halley’s, move in a wrong-way or retrograde 
direction. Comets have been aptly termed ‘wanderers in space’. 

Amateur comet-hunters are still at work. It takes many hours of 
patient, systematic searching to make a discovery, and the unlucky 
enthusiast may continue unrewarded for years; a telescope with a 
good light-grasp and wide field of view is needed. Yet there is 
always the chance of spectacular success. In 1959 a British amateur 
G, E. D. Alcock, by profession a teacher in Peterborough, found 
two new comets within a few days. 

Mention must also be made of E. E. Barnard, who found many 
comets during the last century, and the American amateur Leslie 
Peltier, who has so far made seven discoveries. 

Great comets were seen fairly often during the period from 1700 
to 1910. Donati’s Comet of 1858 had a lovely, curved tail shaped 
like a scimitar; Chcscaux’ Comet of 1744 had a multiple tail, and 
the comets of 1811 and 1843 stretched half-way across the sky, 
Halley’s Comet is hardly ‘great’, but it and the Daylight Comet, 
which also appeared in 1910, have so far been the last of their kind. 
By the law of averages another brilliant visitor is overdue, but of 



GREAT COMET 

Drawing by D. A. Hardy, from an old wood- 
cut 
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Daniel’s comet of 1907, This was a 
typical "moderate^ comet. It never became 
conspicuous to the naked eye^ but was an 
interesting telescopic obje^^t. The stars show as 
trails because the comet had relatively rapid 
apparent motion^ and had to be followed by 
the camera during the time-exposure. DaniePs 
Cornet^ like most others of its kind^ has an 
extremely long period, and will not be seen 
again for many centuries 


course we cannot tell when to expect it* If we except Halley’s, there \ 
is no bright comet with a period of less than five hundred years, j 
and probably none with a period of less than a thousand years* 

It is natural to suppose that a comet moves head-first with its ^ 
tail streaming out behind it, but this is by no means always true. 
When moving towards the Sun the comet goes head-first, but after 
it has passed perihelion and has begun its return journey the tail 
takes the lead. 

There is a good reason for this, Heinrich Olbcrs, the 'celestial 
policeman’, had shrewd ideas on the subject, but the main honor 
must go to the Russians, The key to it is 'light-pressure’. 

Light does exert a force, and if you had a brilliant enough 
searchlight you could, in theory, knock a man down with it. Of 
course nothing of the sort is practicable, since in our everyday 
experience the light-pressure is very small, and certainly cannot be 
felt. However, in 1900, the Russian physicist Lebedev proved that 
the effect exists, and this supported a theory due to his country¬ 
man Theodor Alexandrovitch Bredikhine, who used light-pressure 
to explain the behavior of a comet’s tail, 

Bredikhine’s theory, improved and developed by Svante 
Arrhenius of Sweden and Karl Schwarzschild of Germany, was as 
follows. A comet-tail is made up of very small particles less than 
r/100,000 of an inch in diameter, together with extremely tenuous 
gas. Two forces are acting on these particles; the Sun’s gravity, 
^tending to pull them in, and the Sun’s light-pressure, tending to 
drive them away. It is a kind of tug-of-war, and for particles of this 
particular size the light-pressure wins. Consequently, a comet’s 
tail always points away from the Sun, as shown in the diagram. 

Nowadays, most astronomers support a theory due to F, L. 
Whipple, according to which a comet’s head is made up mainly 
offices’. When the comet nears the Sun, there is great evaporation, 
giving offgases which produce the coma around the comet’s central 
part or nucleus. It has been said that a comet is mainly a collection 
of dirty ices, which is unromantic but probably true. 



CHESEAUx’ COMET OF I 744. This 
was not one of the most brilliant of comets^ 
but it was extremely spectacular, and was 
unique in developing a sevenfold tail. 
Ordinarily a great comet does not have more 
than one or two major tails, and miking 
similar to Ckeseaux' Comet has been seen since. 
The drawing given here is taken from an old 
sketch made at the time 




wanderers in space 155 


If a comet experiences evaporation each time it comes close to 
the Sun, a short-period comet, which returns every few years, 
cannot last for long on the astronomer’s time-scale. This has been 
found to be the case. Several short-period comets seen at various 
returns during the last century have disappeared; such are those of 
Brorsen (seen at five different returns) and Tempel and Holmes 
(three each). Even more startling was the strange story of Biela’s 
Comet. 

In 1826 a new comet was found at almost the same time by 
Wilhelm von Biela, an officer in the Austrian Army, and Jean 
Gambart, assistant at Marseilles Observatory. It proved to have a 
period of 6f years. It was seen in 1832; missed in 1838, because it 
was badly placed for observation; and picked up again once more 
in 1845. Then it created an astronomical sensation by dividing 
into two parts, so that the appearance was, as G. de Vaucouleurs 
has put it, one of‘twin comets sailing through space in convoy’. In 
1852 the twins were seen once more, rather more widely separated. 
In 1858 the conditions were again poor, but in 1866 they should 
have been good, and observers waited eagerly to see what would 
happen. 

The answer was—nothing. The calculations were right, but in 
spite of the most intensive searches the comet did not appear. 
Something had happened to it. 

The next return was expected in 1872. Again the comet was 
absent, but this time a spectacular meteor shower was seen in its 
place. Clearly the comet was dead, and the meteors represented 
the fragments. 

Actually the full explanation is not so simple as this, but there is 
certainly a close link between comets and meteors. The fate of 
Biela’s Comet proved it, and for years afterwards meteors were 
recorded whenever the comet should have been seen. Even today 
we still see a few ‘Bieliid’ meteors, though the shower is no longer 
brilliant. 

It seems that as a comet moves round the Sun it leaves a trail of 



DRAWING OF BIELA’s COMET, m 

184^, At this time the comet had separated 
into two distinct parts—the first time that 
such a phenomenon had been observed. In view 
ofi later events^ it seems that this marked the 
beginning ofi the complete disintegration ofi the 
comet 


BEHAVIOR OF A GOMEt’s TAIL. 
When a comet is remote firom the Sun its tail 
does not develop. As the comet nears peri¬ 
helion, the tail may become very long, and it 
points more or less away firom the Sun, When 
the comet has passed perihelion, it recedes 
firom the Sun tail-first. A corners tail always 
points approximately away firom the Sun, due 
to the effects ofi radiation pressure 
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PERSEIDMETEQR, pkotogfapked by B. 
RidLey on August 75, 



BRILLIANT PERSEID METEGRj 
graphed by H. Ridley 


debris behind it, and this debris is gradually spread out all round 
the orbit* When the Earth passes through, the result is a meteor 
display, 

Wc know that a shooting-star is simply a tiny piece of material 
which enters the Earth’s upper air, moving at anything up to 
45 miles per second, and is destroyed by friction as it speeds through 
the atmosphere. The *shower’ effect is simply one of perspective—^ 
just as in the case of parallel roads, which seem to meet at a point in 
the distance. The meteors are moving in parallel paths, and so seem 
to issue from a definite point or radiant. 

More than a dozen Tairly rich meteor showers are seen each 
year. Pride of place must go to the Perseids, which are so called 
because the radiant lies in the constellation Perseus, They occur 



PHOTOGRAPH OF THE MOTORWAY MI, Some mUeS 
outside London, taken from one of the bridges. It shows the 
parallel lanes apparently meeting at a point near the horizon. 
Photograph by Patrick Moore, ig6o 

f 

from about July 27 to August 17, and if the Moon is out of the way 
and the sky is dark they are often spectacular. Among other 
showers are the Q_uadrantids (January 3), the Orionids {October 
20—21), and the Geminids (December 12-13). 

Unusual displays are seen occasionally, a.d. 902 was named 
‘the Year of the Stars’, because on one night it is said that the 
meteors appeared to be falling as thickly as snowflakes. The showers 
of 1366, 1799, 1833 and 1866 were almost equally startling. These 
latter showers were due to the Leonids, associated with a faint 
comet first seen in 1866 and named after its discoverer, the German 
astronomer Ernst Tempel. 

The comet still exists, and is seen every few years. The Leonid 
shower also exists, but we no longer see the best of it. Every 33^ 
years the Earth used to pass right through the swarm, but between 
1866 and 1899 the shower was perturbed by the gravitational 
effects of the giant planets, and the orbit was so greatly altered that 
wc no longer meet it. The expected showers of 1899 and 1933 
failed to appear, and there is no reason to suppose that we will be 
any luckier in 1966, though a minor shower is always seen about 
November 16 annually. 

Most meteors arc smaller than a pin’s head, and so are destroyed 
in the upper air. It is estimated that about 100 million of them enter 
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SPECTRUM OF A TAURlD METEOR^ 

photographed by H. B. Ridley on October 2g, 
1934. This was the Jkst meteor spectrum 
oblamed in the United Kingdom 


EXPLODING ANDROMEDID METEOR, 

photographed by H, Butler in 1893 



THE HOBA WEST METEORITE IN 

AFRICA* The weight exceeds 60 tom 


the atmosphere each day * If you go outside on a dark, clear night 
when a shower is due^ and spend a few minutes staring at the sky, 
you will be very unlucky if you do not see at least one shooting- 
star. 

On April 26, 1803, at one o’clock in the afternoon, the inhabi¬ 
tants of the little French village of L'Aigle were disturbed by a 
strange sound. It was not unlike a violent roll of thunder—yet the 
skies were cloudless, and there was no sign of a storm. As the 
villagers rushed out of their houses in alarm they caught sight of 
an immense 'ball of lire’ racing across the sky, and as it vanished 
there came a series of explosions which could be heard for 50 
miles around. A few minutes later a great number of stones fell to 
the earth, landing at speeds great enough to cause them to bury 
themselves deeply in the ground. 



The affair reached the cars of scientists in Paris, and a leading 
French astronomer, Jean-Baptiste Biot, was sent to investigate. He 
examined the strange stones, the heaviest of which weighed 
17^ pounds, and came to the conclusion that they had indeed 
come from space. This was the first time that astronomers had 
admitted the existence of meleoritesi but once the discovery had 
been made, other meteorites were identified. One, for instance, was 
the 2 76-pound stone which had fallen at Ensisheim, in Alsace, in 
1492. The famous sacred stone in the Holy City of Mecca also 
seems to be a meteorite. 

Meteorites are relatively large bodies, ranging in size from 
pebbles to great blocks weighing tons. The largest ever seen to fall, 
over Arkansas in 1930, weighs 820 pounds, but a meteorite which 
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REGION WHERE THE SIBERIAN 
METEORITE LANDED IN TUNGUSKA 
IN 1908 



THE ZODIACAL ^ pkoiographtd al 

Ckocaltayay Bolivia^ at an altitude of lypoo 
Jtel^ with the Sun 18 degrees below the 
horizon. The photograph was taken by D. E. 
Blackwell and Ai. F. Ingham. A single lens 
camera was used {aperture fj 18^ focal length 
§ inches) with an exposure of 10 minutes^ 
which accounts for the star trails on the plate 


fell at Hoba West in South Africaj presumably in prehistoric 
timeSj weighs 60 Ions. 

Such falls are extremely rare^ and there is no proved case of any¬ 
one being killed by a meteorite, though admittedly there have been 
one or two narrow escapes. Meteorites do not come from shooting- 
star showers; they may indeed be more closely related to the 
asteroids. They are of two main types; aerolites (stony in composi¬ 
tion), and si derites (largely nickel-iron)* Most museums have 
collections of them, 

A large meteorite can, of course, produce a crater. Such is the 
Meteor Crater at Coon Butte in Arizona, almost a mile across and 
600 feet deep; others are the Chubb Crater in North Quebec, and 
smaller formations at various sites in Arabia, the U*S,A,, Australia 
and the Baltic island of O^el, 

During the present century there have been only two major falls. 
One was that of June 30, 1908, when a large meteorite fell in 
Siberia and blew trees flat for twenty miles round the point of 
impact. The other occurred on February 12, 1947, also in Siberia* 
Fortunately the objects fell in uninhabited wasteland* If cither had 
hit a city such as London or New York, the death-roll would have 
been colossal. 

It is unlikely that you will ever see a meteorite fall, though you 
can certainly see plenty of ordinary shooting-stars if you watch at 
the right times. However, it is worth going to a museum and look¬ 
ing at some of these strange 'stones from the sky\ Who knows how 
many millions of millions of miles they travelled before coming to 
rest on the surface of our own Earth? 

Lastly in our brief survey of the Sun's kingdom we come to the 
Zodiacal Light, a faint luminous band extending along the ecliptic. 
It is best seen after dusk in spring and before dawn in autumn, 
since the ecliptic then makes its steepest angle with the horizon. In 
Britain it is never very conspicuous, but is sometimes prominent 
from countries which have clearer skies. It and a faint light in the 
opposite direction, the Gegenschein or Counterglow, are thought t6 
be due to meteoric bodies forming a lens-shaped cloud round the 
Sun, in the plane of the Earth's orbit. The Zodiacal Light was 
named by Cassini in 1683, but it had been previously recorded by 
several astronomers—including Kepler, who believed it to be the 
outer atmosphere of the Sun, The more elusive Gegenschein was 
discovered in 1854 by the Danish astronomer Theodor Brorsen, 

During the last few chapters we have taken the story of the Solar 
System through from HerscheFs time up to the present. We have 
not yet finished; the new rocket experiments have added to our 
knowledge, and are bound to lead to great new developments 
within the next few years* But before dealing with space research, 
let us turn back to the story of the stars* 
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More distant stars 



A# 


Near-by Star 



THE PARALLAX METHOD OF 
MEASURING THE DISTANCE OF A 

STAR. The relatively close star, A, seems to 
shift in position over the course of a year; in 
January it is seen at Ai, in July at A2. 
However, it must be remembered that the dia¬ 
gram has had to be drawn completely out of 
scale. The parallax shifts are extremely small 
even for the closest stars, and it is not sur¬ 
prising that even Herschel failed to detect them. 
This method of trigonometrical parallax is 
practicable only for stars in the neighborhood 
of the Sun, since at greater distances of, say, a 
few hundred light-years, the shifts become so 
small that they are swamped by unavoidable 
errors in observation 


GIOVANNI CASSINI, the Italian astronomer who became first 
Director of the Paris Observatory, believed the Sun to be 
86 million miles away. The actual distance is now known to be 
7 million miles greater than this, but Cassini’s estimate was cer¬ 
tainly of the right order, and the work of Kepler and Newton 
made it possible to draw up a reasonably accurate map of the 
Solar System. Saturn, the outermost of the planets known in 
ancient times, proved to move round the Sun at a distance of 
nearly 900 million miles. 

Mapping the Solar System had been difficult enough, but find¬ 
ing out the distances of the stars was much harder still. All that 
Cassini could say was that even the nearest star (excluding the 
Sun, of course) must be tremendously remote. 

The first man to tackle the problem really seriously was the 
third Astronomer Royal, the Rev. James Bradley, who succeeded 
Halley in 1742 and held office until his death twenty years later. 

Bradley, born in 1693, was educated at Oxford, and became 
Vicar of Bridstow in Monmouthshire, Then, in 1721, he went 
back to Oxford as Professor of Astronomy, and remained there 
until he moved to Greenwich when Halley died. Bradley decided 
to improve the existing star catalogues, and he did so very 
thoroughly, since his measures of the positions of over 60,000 stars 
were so good that even today they are of great value. 

Yet Bradley’s greatest discovery was made in 1728, before he 
became Astronomer Royal. The story is an interesting one, and 
shows how careful an observer Bradley was. It is connected, too, 
with his attempts to measure the distances of the stars by the 
method of parallax. 

Suppose you hold a ruler at arm’s length, and line it up with 
a distant object such as a tree, using one eye only. Now, without 
moving your head or the ruler, use your other eye. The ruler will 
no longer seem to be lined up with the tree; it will have appar¬ 
ently shifted, because it is being viewed from a slightly different 
direction. The angle by which it seems to have moved is a measure 
of parallax. If you know the distance between your eyes, and also 
the angle of parallax, it is possible to work out the distance of the 
ruler from the ‘base-line’, or line joining your eyes. 

A similar method is used by surveyors who want to measure the 
distance of an object which cannot easily be reached, A longer 
base-line is needed, but the principle is exactly the same. 

Bradley wanted to apply the parallax method to the stars. 
Suppose that we have one star, A in the diagram, which is re¬ 
latively near? In January, we will be seeing it in position Ai, 
compared with other more distant stars; six months later the 
Earth will have moved round to the other side of its orbit, 
186 million miles away from its January position, and our star 
will appear in position A2. Measuring the angle of shift, and 
knowing the size of the Earth’s orbit, will allow us to work out the 
distance of the star A. 
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STAR-CLOUDS IN THE MILKY WAY. 

This photograph shows some of the richest 
regions of the Milky Way. Each point of 
light is a sun, perhaps far larger and more 
luminous than our own Sun. The distances of 
objects in these star-clouds are so great that the 
method of trigonometrical parallax cannot be 
used, and less direct (though probably no less 
reliable) means are employed 


POSITION OF GAMMA DRAGONIS. 
This was the star studied by Bradley in an 
attempt to determine its parallax. Gamma 
Draconis was selected because it passes 
directly overhead at the latitude of Greenwich, 
and was thus convenient for observation with 
the.special instruments used by Bradley. The 
parallax was not detected, but Bradlefs 
research led to his discovery of the aberration of 
light 


Using a special instrument owned by James Molyneux and 
erected in Kew, Bradley set out to measure the position of the star 
Gamma Draconis, in the region of the Great and Little Bears, He 
selected this particular star because it passes directly overhead in 
the latitude of London, and was thus convenient for measurement. 

Bradley knew that the parallax shift would be very small, but his 
results puzzled him badly. There were shifts indeed, but they did 
not seem to be due to parallax; Gamma Draconis appeared to be 
moving in a tiny circle, returning to its original position after a 
period of one year. Bradley checked with other stars, and found 
that they all behaved in the same way. 

According to a famous tale which may well be true, Bradley 
hit on the solution one day when he was out sailing on the Thames. 
He noticed that when the direction of the boat was altered, the 
vane on the mast-head shifted slightly, even though the wind 
remained the same as before. At once he realized that this was the 
principle which accounted for the behavior of Gamma Draconis. 
Light, as Romer had found, does not travel instantaneously, but at 
a definite speed of 186,000 miles per second. The Earth also is in 
motion, travelling round the Sun in a more or less circular path 
at an average speed of some i8| miles per second, and so the Earth’s 
‘direction’ is changing 11 a the time. Let the Earth represent the 
boat, and the incoming light represent the wind, and the position 
becomes clear; there is always an apparent displacement of a star 
towards the direction in which the Earth is moving at that moment. 
This is aberration, 

Bradley had made an important discovery, but he had not 
succeeded in his original object. Herschel, many years later, was 
equally unsuccessful, but—like Bradley’s—his work led to an 
unexpected discovery. He had selected double stars for measure- 
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ment; if one member of the pair were much closer than the other, 
then its parallax shift, relative to the more distant component, 
would be comparatively easy to measure. Nothing of the kind was 
found. Instead Herschel discovered that in some cases, at least, 
the components appeared to be in relative motion round their 
common centre of gravity. 

John Michell, an English amateur who was born in Nottingham 
in 1725 and died in 1793, had suggested that many double stars 
might be genuinely associated, so forming true pairs or binaries, 
Herschel’s measures showed that Michell had been right, but the 
star-distances remained as much of a problem as ever. 

After Herschel’s death in 1822 the matter was taken up by 
three astronomers—Friedrich Bessel, formerly Schroter’s assistant 
and by now Director of the Konigsberg Observatory in Germany; 
F. G. W. Struve, using the famous Fraunhofer refractor at Dorpat; 
and Thomas Henderson, at the Cape of Good Hope. They 
worked quite independently of each other, and selected different 
stars. 

Bessel decided upon a 5th-magnitude star an Cygnus (the Swan), 
numbered 61 in Flamsteed’s catalogue and therefore known as 
61 Cygni. It is a binary, with the two components far enough 
apart to be separated with a small telescope, but Bessel was 
interested in it mainly because of its exceptionally large proper 
motion. Relative to the other stars, it moves over 5 seconds of arc 
per year. This means that it takes 350 years to shift by an amount 
equal to the apparent diameter of the Moon; even so, it is unusually 
fast-moving, and Bessel decided (rightly) that it must be one of our 
nearest stellar neighbors. 

He began work in 1837, and only a year later he was able to 
announce that both components of 61 Cygni showed a parallax of 
o ‘3 seconds of arc, giving a distance which amounted to roughly 
60 million million miles. His measures were excellent, and the 
values which he gave are almost the same as those accepted to¬ 
day. Yet the parallax shift of o -3 seconds per arc is much less than 
the apparent diameter of a coat-button seen from a distance of 
ten miles. 

Faced with distances of this kind, the mile becomes incon¬ 
veniently short as a unit of length; it is rather like giving the 
length of a journey between London and New York in centi¬ 
metres. Fortunately a much better unit is to hand. Light moves at 
186,000 miles per second, and in one year it will therefore cover 
5,880,000,000,000 or nearly 6 million million miles. This is the 
astronomical light-year. Bessel measured the distance of 61 Cygni 
at just under 11 light-years, which is very close to the modern 
value. 

Striedy speaking, Bessel’s measures were made after those of 
Henderson, who had been studying the bright southern star Alpha 
Centauri. Henderson, born in Dundee in 1798, was appointed 
H.M. Astronomer at the Cape in 1832, and his work on parallax 
had been carried out during his thirteen months’ stay there. 
He had had to resign and return home because of ill-health, and 
he did not finish the calculations until after Bessel’s announcement. 
Alpha Centauri proved to be closer than 61 Cygni, since it lay 
only 4J light-years off. 



POSITION OF 61 CYGNI. The star 
numbered 6i in Cygnus by Flamsteed was the 
first object outside the Solar System to have its 
distance measured; the work was carried out 
by Bessel, and published in 18^8. 61 Cygni is 
of the ^th magnitude, and is therefore visible to 
the naked eye, but it is far from conspicuous.. 
It is a relatively wide binary, and has an 
exceptionally large individual or proper 
motion, which was why Bessel concentrated his 
attention on it 



POSITION OF ALPHA CENTAURI. The 
bright southern star Alpha Centauri was 
studied for parallax shift by Henderson, at the 
Cape of Good Hope. Measurable shifts were 
found, and Henderson was able to give a 
reliable figure for the star's distance, which 
amounts to rather more than 4 light-years. 
Alpha Centauri is thus the nearest of the 
brilliant stars. It is a splendid binary, and a 
fainter member of its system, Proxima, is the 
nearest known star to the Sun. 
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POSITION OF VEGA. 0 . Struvc made 
efforts to measure the distance of Vega at about 
the same time as Bessel and Henderson were 
carrying out their researches, Struve^s result 
was less accurate^ mainly because Vega is 
relatively remote. It is the ffth brightest star 
in the sky, and is easy to find, both because of 
its brilliancy and because of its decidedly 
bluish color; the Great Bear may be used as a 
direction-finder to it. Vega is the chief star of 
the small but interesting constellation of Lyra, 
the Lyre. It is fifty times as luminous as the 
Sun 



THE SCORPION. The leading star of 
Scorpio, the Scorpion, is Antares, known as 
Hhe rival of Mars^ because of its strong 
reddish color. Antares is a typical Red Giant 
star, of relatively low surface temperature 
but immense size. Its distance from us is 
about j6o light-years, and it is accompanied by 
a faint companion which is decidedly greenish. 
Scorpio is a brilliant constellation, but is 
never seen to advantage in Great Britain or 
the northern United States because of its 
southern position; from London and New 
York, the Hair never rises at all 


Struve had had the hardest task, since his selected object was 
the lovely bluish star Vega, in Lyra (the Lyre), which may be J 
seen almost overhead in London or New York during summer 
evenings. Vega is 26 light-years away, so that the parallax is 
smaller, and it is not surprising that Struve’s results were less 
accurate. 

Alpha Centauri is a glorious binary. Associated with it is a 
third, much fainter star, known as Proxima because it has proved 
to be the closest known—4-3 light-years away. Altogether 
nineteen stars are known to lie within a dozen light-years of us, 
including Sirius (8-6 light-years) and Procyon (ii light-years). 

To show how vast these distances are, it will be helpful to de¬ 
scribe a scale model. The 93 million miles between the Earth and 
the Sun is known as the astronomical unit, and there are 63,310 
astronomical units in a light-year. It so happens that there are 
63,360 inches in a mile, so that the ratio is very much the same. 1 
Let us take a scale in which the Earth-Sun distance is given as one 
inch. On this scale, Proxima Centauri will be over 4 miles away: 
Sirius 8*6 miles, 61 Cygni about ii miles, Vega 26 miles and so i 
on. Yet Pluto, the outermost planet in the Sun’s family, will be 
only about 3 feet away. The Solar System is indeed a small place 
on the astronomer’s scale. 

Nowadays the distances of many stars have been measured, and 
the results are staggering. Capella in Auriga (the Charioteer), 
which appears almost as bright as Vega, is 47 light-years away; 
Antares in Scorpio (the Scorpion) 360 light-years; Rigel in Orion 
as much as 540 light-years, and so on. 

It is interesting to find, then, that as seen from Earth Rigel 
appears almost of the same brightness as Vega and Capella. Since 
it is much more remote, it must be much more luminous. We now 
know that it shines with at least 18,000 times the candle-power of 
the Sun, and some authorities believe it to be even more powerful 
than this. 

Unfortunately the parallax method can be used for only the 
relatively near stars. By 150 light-years, the shifts have become so 
small that they are hard to measure properly, and by 600 light- 
years they are swamped by unavoidable errors in observation, so 
that the whole system breaks down. For more remote objects, 
astronomers have to turn to less direct methods, which means ' 
using instruments based on the principle of the spectroscope. 

Here we must begin another story—that of the analysis of star¬ 
light; and as so often happens, we find that it starts w’ith the work 
of Isaac Newton during the years when he was at Woolsthorpe, 
far from Plague-stricken London. But it is easy to see that yet 
another astronomical landmark was passed in 1838, when the 
patient work of Bessel, Henderson and Struve first proved the 
vastness of the universe. 


THE CONSTELLATION OF ORION. The 
chief point of interest in this photograph lies in 
the relative obscurity of Betelgeux {the upper 
left-hand star of the group). Visually 
Betelgeux is a striking object, and is com¬ 
parable vbith Rigel; it is far superior to the 
three stars in the Belt. Photographically, it is 
very inconspicuous. This is because it is 
reddish, and so its light has a lesser effect 
upon the photographic plate 
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SUNSPOT CROLTP3 photographed on 
March ig6o by W. M, Baxter^ using a 
4-inch refractor 



SUNSPOTS, photographed on October 

by W, Ai, Baxter, using a 4-inch 
refractor^ Xote the foreshortening of the group 
nearer the Sun^s limb 


SOLAR PROMINENCES, (Upper) Pro¬ 
minence ij2,ooo miles high, photographed in 
calcium light on August 18, ig4j\ (Lower) 
Prominence 80,000 miles high, photographed 
in calci um ligh t on A ugust 21, , 

Photographs by Mount IViison and Paiomar 
Observatories 


IN r666 ISAAC NEWTON j then a young and unknown- Cam¬ 
bridge student, used a prism to produce a rainbow spectrum from 
a beam of sunlight. This was the first indication that what we 
call * white' light is really a mixture of colors j and it proved to 
be one of the most important discoveries in astronomical 
history. 

In 1802 William Hyde Wollastonj another Enlgishman, noticed 
seven dark lines in the solar spectrum, Wollaston, a native of 
East Derehafn in Norfolk, had taken a medical degree at Cam¬ 
bridge, and had become known as a man with a wide knowledge 
of all branches of science. Yet on this occasion he missed a great 
opportunity. He thought that the dark spectral lines merely 
indicated the boundaries between various colors, and paid no 
more attention to them, 

Fraunhofer, the penniless orphan who rose to become the most 
skilful instrument-maker of his day, saw the dark spectral lines 
once more about 1814, Unlike Wollaston, he inquired further, 
and found that the lines never seemed to change; whenever he 
examined the Sun’s spectrum, the familiar dark markings 
appeared, always in exactly the same positions, Fraunhofer 
measured the positions of over 500 of them, and even today they 
are known as "Fraunhofer Lines’ in his honor. 

The lines showed some particularly interesting features. For 
instance, the solar spectrum revealed a prominent dark double 
line in the yellow section. Luminous sodium vapor, however, 
showed a bright double yellow line, and Fraunhofer wondered 
whether there might be some connection. Given enough time he 
might well have hit upon the solution, and it is tragic that he 
died while still a young man. 

The mysterious dark lines were accounted for in 1859 by 
Gustav Robert Kirchhoff, who had been born at Konigsberg in 
1824, had been educated at Berlin and Marburg, and had been 
appointed Professor of Physics at Heidelberg University* To show 
Kirchhoff’s reasoning, it will be necessary for us to say something 
about the way in which matter is built up. 

All matter is composed of aloms^ which combine into groups or 
molecules. Atoms arc far too tiny to be seen individually by ordinary 
means, and they arc of different types. First let us consider the 
simplest of all, the atom of hydrogen. 

Hydrogen is the lightest substance known, and is also the most 
plentiful substance in the universe. Its atom may be said to be 
made up of a central particle or nucleus^ around which revolves 
another particle or electron. The nucleus itself consists of a proton^ 
which carries a unit positive charge of electricity. To balance this 
the circling or "planetary’ electron carries a unit negative charge; 
this cancels out the effect of the proton, and so the complete atom 
is electrically neutral. 

The next lightest substance is another gas, helium. This time 
the nucleus is rather more complex, and carries two positive 
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THREE STAGES OF THE SOLAR 
ECLIPSE OF FEBRUARY I 5, I961. 

These photograph were taken from an 
R.A.F. Shackle ton aircraft flying at lo^^oo 
feet oner the Bay of Biscay. The first two 
pictures wen taken before totality^ and the 
third one after totality. Conditions were not 
good^ and some kighaititude cloud shows up 
on the photographs 


charges. There arc however two planetary electrons, and once 
again the complete atom is electrically neutral 

Lithium has three planetary electrons; consequently there arc 
three charges in the nucleus—and so on. Each substance, or 
element^ has an extra electron. Oxygen, for instance, has eight. 
As the number of electrons goes up, the atom becomes more and 
more complex, until finally we come to uranium, with ninety-two 
electrons. 

All the matter known to us is made up of these ninety-two 
fundamental elements, and we may be certain that no more 
remain to be discovered. It is impossible to have half an electron, 
and so there is no room in the sequence for any new elements. 
It is true that artificial elements have been made", with more than 
ninety-two electrons, but these arc unstable and probably do not 
occur in nature. 

It may seem surprising that there are so few elements, but of 
course they combine in many different ways. Water, for instance, 
is made up of hydrogen and oxygen. Two atoms of hydrogen 
combine with one of oxygen to make up a water molecule, giving 
the chemical formula HgO, Salt is composed of one sodium atom 
together with one of chlorine, and so on. There is some sort of 
analogy here with writing; all the thousands upon thousands of 
words in the English language are composed of only twenty-six 
fundamental letters of the alphabet, from A to Z. 

Kirchhoff announced three Laws which still bear his name. 
These laws form the basis of all spectroscopy, astronomical or 
otherwise, and give a complete explanation of the Fraunhofer 
lines. 

The first law is easy enough. It states that incandescent solids, 
or incandescent gases under high pressure, produce a rainbow 
band or continuous spectrum. There is a full range, from red at the 
long-wave end of the band down to violet at the short-wave end. 

The second law states that a luminous gas or vapor under low 
pressure will produce not a rainbow band, but merely a number 
of isolated bright lines. This is an emission spectrum. The vital fact 
is that each element will produce its own distinctive set of lines. 
The double yellow line of sodium, seen by Fraunhofer, cannot 
possibly be produced by any clement except sodium; lines due to 
hydrogen cannot be due to anything except hydrogen, and so on. 
Each element has its own particular trade-marks, which cannot 
be duplicated. Often the spectrum is very complex, and iron alone 
produces many hundreds of lines, but careful measurement will 
usually enable the research worker to disentangle one line from 
another. 

The crux of the whole dark-line problem is Kirchhoff’s third 
law. The best way to explain it is to describe a simple experiment. 
If you burn salt in a flame, you will produce an emission spectrum, 
including the double yellow line. This line is due to sodium; salt, 
as we have seen, is made up of sodium and chlorine. If you look 
at the spectrum of an electric light bulb, you will sec a rainbow, 
since the filament of the bulb is an incandescent solid—which, 
following Law i, must give a continuous spectrum. Now take the 
bulb and put it behind the flame, so that you are examining the 
flame against the background produced by the bulb. Instead of a 






PART OF THE SOLAR SPEGTRUMj 
taken with the spectrograph at 

Palomar. Alany lines are shown^ and the 
complexity of the spectrum is very evident. 
High dispersioii or ^spreading-ouC is possihU^ 
since in the case of the Sun there is plenty of 
light available 
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rainbow crossed by bright lines, what you will see takes the form 
of a rainbow crossed by dark lines. The atoms in the sodium vapor 
are removing part of the corresponding portion of the continuous 
spectrum, producing dark absorption lines. As soon as the back¬ 
ground bulb is removed, the absorption lines due to the sodium 
vapor flash out and become brilliant once more. Yet their 
positions in the spectrum are unchanged. 

In the Sun, the luminous surface or photosphere takes the place 
of the bulb; since it is incandescent high-pressure gas, it produces 
a rainbow. In front we have the luminous gas above the Sun, 
known as the chromosphere. By itself, the chromosphere would 
yield emission lines; but since the rainbow is behind it, these lines 
are reversed, and appear dark. They are in fact the lines seen by 
Fraunhofer, Among them is the celebrated yellow double. Since 
this must be due to sodium, we can prove that there is sodium in 
the Sun, 

By now, some seventy of the ninety-two elements have been 
identified in the solar spectrum. One of them was found in the 
Sun before it was known on Earth. In 1869, an English astronomer 
named Norman (afterwards Sir Norman) Lockyer found a 
Fraunhofer line in the orange-yellow region which he could not 
identify. He suggested that it might be due to an unknown 
element, and proposed to name it helium, after the Greek word 
for ‘sun*. A quarter of a century later, another Briton, W. R, 
Ramsay, discovered helium on Earth. 

Lockyer had already made one important discovery, since in the 
previous year he had been one of the first men to observe solar 
prominences without waiting for an eclipse. Actual priority must 
go to a French astronomer, Pierre Jules Janssen, but the methods 
of the two astronomers were much the same. 

In 1868 there was a total solar eclipse. As soon as the Moon hid 
the Sun completely, there was the usual appearance of the pro¬ 
minences, which looked like *rcd flames’ rising from the Sun’s 
photosphere. These prominences had been seen at many previous 



TOTAL ECLIPSE OF THE SUN, JUNE 30, I 9 54, 

graphed from Sweden by Professor A he IVallenquist. This 
eclipse was just total from the northernmost Scottish islands^ but 
was seen over most of Britain as a large partial. The line of 
totality extended across Pl'orway and Sweden 
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THE SOLAR CORONA, photographed by 
the English Astronomer Jackson^ from 
Giggleswtck^ at the total eclipse of June sg, 
ig 27 


total eclipses, but at all other times they are hidden by the 
general glare. By using spectroscopes to isolate the light due to the 
prominences, Janssen and Lockyer made it possible to study them 
under ordinary conditions. Years later, in 1891, George Ellery 
Hale, architect of the great reflectors, designed the specirohelio- 
graphs an instrument for photographing the Sun in the light of one 
element only. Its principle is rather complex, but is based on the 
pioneer work of Janssen and Lockyer. 

Prominences are of two main types. Quiescent prominences may 
persist for many days, and sometimes measure hundreds of thou¬ 
sands of miles along their base, rising to as much as 30,000 miles 
above the photosphere. Eruptive prominences may move at 
speeds in the region of 250 miles per second, and have been seen at 
heights of half a million miles from the Sun’s surface. They move 
so quickly, indeed, that moving pictures have been taken of them 
by French and American astronomers. 

We now know a great deal about the way in which prominences 
behave, since there is no difficulty in keeping them under observa¬ 
tion. So long as they could be seen only during eclipses, however, 
knowledge was bound to be limited. A total solar eclipse is a com¬ 
paratively rare event, and no eclipse can last for more than a few 
minutes. 


THE SOLAR FLARE OF AUGUST 8, 

* 9 3 7 3 ^ photographed at Aiount Wilson, 
(Left) Ordinary photograph of sunspot group, 
(Middle) the same region taken with the red 
hydrogen line H-alpha^ showing the fare, 
(Right) five minutes laterj again in H-alpha 
lighty when the flare was at its maximum. 
Flares are now known to be common pheno- 
menay but veTy few are visible in ordinary light 


Beyond the chromosphere, where the Fraunhofer lines arc pro¬ 
duced, comes the glorious pearly corona. The great French 
astronomer Bernard Lyot, who was born in 1897 and died sud* 
denly and tragically in 1952 when on an eclipse expedition to 
Africa, devised a special instrument for studying the corona 
without waiting for the Moon to hide the Sun; but though the 
innermost regions have been seen by such methods, we have to 
admit that our best opportunities are still confined to the fleeting 
moments .of a total eclipse. 
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Telescopes can show sunspots and give us a good view of the 
solar surface, but by themselves they can tell us very little about 
the way in which the Sun is made up. Combined with spectro¬ 
scopes, they can give us an excellent picture of what the Sun is 
really like. It is necessary to examine the spectrum in as much detail 
as possible; and since there is plenty of light available, special 
‘tower telescopes’ have been built, notably at Mount Wilson and 
at the Italian Observatory of Arcetri, near Florence. With these 
instruments, the sunlight is concentrated by an upper mirror, and a 
spectrum produced in a convenient observing position. 

It would take many pages to give anything like a proper de¬ 
scription of the various instruments based on the spectroscope. 
For instance, the splitting-up of the light is often done not by a 
prism, but by a very finely-ruled grating. This was yet another 
development due to Fraunhofer, but such gratings are not easy to 
make, since they have to be ruled to many hundreds of lines per 
inch. Meanwhile let us turn back to stars, where the problems are 
much the same but the methods of study have to be altered 
somewhat. 

The Sun, as wc know, is an ordinary star. If it produces an 
absorption spectrum with a continuous background crossed by 
Fraunhofer lines, other stars may be expected to give similar 
effects. One of the pioneers in this field was Sir William Huggins, 
who was born in London in 1824, and established his own ob¬ 
servatory in Tulsc Hill. Helped by his wife, who was also a 
skilful astronomer, he examined the spectra of many stars, 
and in 1863 he identified various elements in Betelgcux and 
Aldebaran. 

Unfortunately matters are made more difficult by the fact that 
the stars are relatively faint. There is no question of using tower- 
type instruments to give spectra of high dispersion; there simply is 
not enough light. Huggins made another step forward in 1863 
when he first photographed the spectrum of a star, but even so he 
was facing grave problems. In those days photography was still 
rather primitive. 

At about the same time, Angelo Secchi in Italy was carrying 
out work in connection with stellar spectra. While Huggins con¬ 
centrated on a few stars, and studied them in as much detail as he 
could, Sccchi did his best to examine large numbers of stars and 
fit them into different spectral types. He realized that all stars are 
not the same as the Sun; some are hotter, others cooler. This is 
shown at once by the obvious differences in color. 

To the casual observer all stars may seem white, but this is far 
from being the case. Compare the two leaders of Orion, for in¬ 
stance; Betelgeux is clearly reddish; while Rigel, in the Hunter’s 
foot, is white or even slightly bluish. Capella in Auriga is yellow, 
while Arcturus in Bootes (the Herdsman), is a glorious orange. 
White heat is greater than red heat, and therefore white or blue- 
white stars such as Rigel must have surface* temperatures higher 
than those of the yellowish Capella or the orange Arcturus, while 
Betelgcux will be cooler still. Temperatures are bound to have 
great effects upon the type of spectrum produced. 

Secchi divided the stars into four spectral classes. Type I was 
made up of white stars, II of yellow or orange, and III and IV of 



THE TOTAL ECLIPSE OF THE SUN, 

JUNE 30, J954, or seen from Lystkii in 
Sweden. Conditions mere fairly good^ though 
there was a certain amount of very thin cloud. 
T^his was one of the most favorable Euro¬ 
pean eclipses of recent years ^ comparable with 
the eclipse of igCi. The'track of totality 
extended across Norway and Sweden^ into 
Russia. However, expeditions sent to Scan- 
dina via were in genera I handicapped by 
cloudy and from some sites no resnlls were 
obtainable. It will he many years before 
another total eclipse will be seen from 
Scandinavia 



SOLAR PROMINENCE. The wholc edge of 

the Sun, photographed at Mount Wilson on 
December g, rg2g, in calcium light (AT line) 
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ORIOK AND Hta KEITINUE, VaTfifUS 
Ijpis af slars are shmvu. Bfkigiux £r 4 R^d 
Giant of type At; AtdiHran^ also red, h of 
type K; Capeila, type simitar to the Sm; 
PnHypn^ sligkilyyeitow^ type F; Sirius^ while^ 
type A; Rigel, a partkulariy tamimus star of 
^pe if. The rmaining krighi stars in Orion 
are aisa of type B, The two Twins are of 
different speetrai type, PoUilx is an orange 
A'-jfef, while Castor ij whife and tf type A, 
Same of the star-cohrs are ftotkeahle with the 
naked eye^ but are mueh tetter seen with 
aplical aid; a pair of good bmo^nlars wilt 
bring them uui exceltenliy 


THf TWINS 


C«£Of 



Pqltux 





PtEIAOES 
[Seven Sisiers] 


JAIde barxFT 



Procyon 


^telgeux 


ORtON 





the I 5 O-FOOT TOWEH TELESetFPE 
AT MOUNT WILSON, viewed from the 
northeast. This telescope is designed specially 
for solar work. Tower telescopes drCj in faetj 
tised exetsisioely for studying the Suitt and are 
able ta prodme spectra of oery great disper¬ 
sion. A similaT has been set up at 

Arcetri^ in Itafy—an ohsenmtory whkh has a 
great reputation in (his Jifid of researeh — 
there are others in America and in Russia 


red. In 189a E. C. Pickering at Harvard, drew up a more detailed 
classification in which he started off by dividing the stars into 
groups and lettering them A, B, C, D and so on, beginning with 
white stars and working through yellow, orange, and orange-red 
to red. As so often happens, the letters became out of order, and 
the final result was rather jumbled from the alphabetical point of 
view. However, Pickering’s scheme is still used. The ‘spectral 
alphabet’ ist W, O, B, A, F, G, K, M, R, N, S, 

Each type is again divided up into sub-classes, numbered from 
zero to 9. This gives a smooth sequence. To take part of the 
order at random, let us consider class A, so that we have Ai, Aa, 
A3 . . . Ag. Type Ai is little different fixim By, while Ay is almost 
the same as Fo. 

The spectrum of a star is not easy to study properly even with 
the help of photography, and to work out a reliable system took 
many years. Stars placed in class W arc unusual because their 
spectra contain bright emission lines; they are known as 
Wolf-Rayet stars in honor of two astronomers who drew atten¬ 
tion to them. Stats of types R, N and S arc deep orange-red, and 
have relatively low surface temperatures of around 3,000 degrees; 
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all of them are very remote, and so appear faint in our skies. The 
best way to summarize the remaining classes, which make up the 
vast majority of the stars, is by a table: 


TYPE COiOfl 

SURFACE 

TEMP. 

■ D 


TYPICAL STARfS) 

0 White 

35,000 

Both bright and dark lines* 

Zeta Argus (O5) 

B Bluish 

25,000 

Helium lines prominent. 

Alkaid in the Great Bear (B3) 

A White 

I 1,000 

Hydrogen lines prominent* 

Sirius (Ai) 

F Yellowish 

A 50 O 

Calcium lines prominent* 

Procyon {F5) 

G Yellow 

6,000 

Some lines due to metals* 

Capdla (Go); 

Sun (Ga) 

K Orange ' 

4,200 

Stronger metallic lines* 

Arcturus (Ko) 

M Orange- red 

3,000 

Complex spectra, with bands due to molecules* 

Betelgeux (M2) 


Hi 

i O^IDNIS 


Can M Aj, 


fi CAniNiC 




ct Bqdtis 




H / C F 

TYPICAL STELLAR SPECTRA, fypeS B 
to M, The spectra shown are of Alnilam 
[Epsilon Orionis^ the middle star of Orion^s 
Belt); Sirius [Alpha Canis MajQTis)^ 
Canopus [Alpha Argusy alternatively known 
as Alpha Carina); Aliair [Alpha AquiU); 
Arcturus [Alpha Bodtis) and Betelgeux 
[Alpha Orionis) 



This may seem straightforward cnoughj but in fact it is nothing 
of the kind- There are so many factors to be taken into account* 
For instance, stars of type B, such as Alkaid—the end star in the 
Great Bear*s tail—show prominent helium lines, but this does not 
necessarily mean that they are very rich in helium; it may simply 
be that conditions are suitable for helium to show itself con¬ 
spicuously* Then there are various stars which refuse to fit into 
any particular class, and have to be noted as 'peculiar'* 

Yet it is possible to obtain a tremendous amount of information* 
For instance, studying a star's spectrum may often give a reliable 
clue as to how luminous the star really is* As soon as we know this, 
wc can compare its apparent brightness with its true luminosity, 
and so work out its distance from us* Methods of this kind have to 
be used for all except our relatively near stellar neighbors, 
since parallax measures of the kind used by Bessel, Henderson and 
Struve are useless beyond a range of a few hundreds of light- 
years* 

As recently as 1825 a French writer named Auguste Comte 
made the definite statement that mankind could never find out 
anything about the chemistry of the stars* Within half a century’ 
he had been proved wrong, but stellar spectroscopy led to all 
manner of other discoveries as well. In particular, Huggins, and 
(independently) the German astronomer Hermann Vogel, 
director of a private observatory at Bothkamp, made pioneer 
measures of radial velocities^ using spectroscopic methods* 

We know that the stars show slight but definite proper motions, 
so that over the centuries the constellation patterns will alter* 
Halley had been the first to detect these, when he found that three 
bright stars had moved appreciably since the days of Hipparchus* 
But whal about the 'towards and away' movements? These would 
not reveal themselves as proper motions* A man w^alking straight 
towards you will not shift against his background, but will simply 
appear larger and larger as he draws near* Similarly, an approach¬ 
ing star will become steadily brighter, but the increase in brilliancy 
will not be enough to be measured except over a period of thou¬ 
sands of years* Huggins and Vogel made use of a principle which 
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had been laid down in 1842 by the Austrian physicist Christian 
Doppler and is still known as the Doppler Effect, 

If you listen to a train which is approaching you, and sounding 
its whistle, the note will be high-pitched. More sound-waves arc 
entering your car per second than would be the case were the 
train standing still, and this raises the note. After the train has 
passed by, and has begun to recede, fewer sound-waves per second 
reach your ear, and the note drops. Light may be regarded as a 
wave-motion, and the effect here is to shift the spectral lines—to 
the violet or short-wave end if the source of light is approaching, 
to the red or long-wave end if it is receding. 

Suppose we have a star which is coming towards us? More light¬ 
waves per second will reach us than would be the case for a star at 
rest, and all the spectral lines will be moved slightly towards the 
violet end of the rainbow. Similarly, a receding star will show a 
red shift. The amount of the displacement gives a key to the 
velocity. In this way the radial velocities of many stars have been 
measured, Sirius is approaching m at five miles per second, 
Vega at eight, Altaic at sixteen; Capella is receding at eighteen 
miles per second, Betelgeux at thirteen, Aldebaran at thirty-four— 
and so on. By combining these radial velocities with the measured 
proper motions, as shown in the diagram, wc can decide how the 
star is really moving through space with respect to the Sun. 

Spectroscopy is also used for studies of the planets. It was by 
such methods that astronomers detected carbon dioxide in the 
atmosphere of Venus, and hydrogen compounds round the giant 
planets Jupiter, Saturn, Uranus and Neptune. Yet it is in explor¬ 
ing the stars that spectroscopy becomes our main research tool, 
and stellar astronomy has now turned into true aUropkysics. 

It is more than a hundred years since Kirchhoff laid down his 
three laws which opened the gateway to our knowledge, but the 
story began far earlier than that. It began, indeed, on the day 
when Isaac Newton passed sunlight through a glass prism and 
produced a colored rainbow. 


Violet 

- h—^^ -r{-|-^-Receding Body 

-M—I—I-LiJ-1-showing red shift 

i [ [ I [ Comparison spectrum 

^^^-Approaching Body 

——I--1-showing vioEet shift 

1 II 

TH^ DOPPLER EFFECT. In the Upper 
diagram ilie iight-source is assurtied to be 
receding^ and the specifal lines are shifted 
toward the red. The centre strip is for a 
stationary ligkUsource^ drawn in for com^ 
parison; the bottom strips for an approaching 
sourcej shows a shift to the violet. This 
Doppler Effect is invaluable in astrophysicsj 
since it enables the radial motions of celestial 
bodies to be measured. It must^ of course^ be 
borrie in mind that the red and violet shifts 
are never easy to measure with precision^ since 
there are many complications to be taken into 
account^ but the results obtained are of a high 
degree of reliability. Doppler effects also 
enable the rotations of stars to be measured; 
as the star turns^ the light coming from the 
approaching limb has a violet shiftj while the 
light from the receding limb has a red shift. 
The result is that the line appears broadened, 
and the amount of the broadening gives a key 
as to the rate of rotation 


STELLAR SPECTRA. Wkefi it u dcsifed 
to study the spectra of many stars, as is neces¬ 
sary for many astrophysical investigalions., it 
obviously saves a great deal of time to be able 
to photograph a number of spectra on a single 
exposure. On this photograph, taken by 
H* Ridley^ each star is drawn out into a 
spectrum. Methods of this sort are extcTLsively 
used in modern work, and have yielded very 
satisfactory results, though naturatly they 
have their limitations 
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Betelgeyx 



GIANT AND DWARF STARS, drawn Itf 
scaU. BrUtgfUX haif a diameffrof^a,ooo,ooQ 
piiit^s* Areiums ^,000^000 wjYcj; the Sun 
864^000 miles^ &i Cjgni A 600,000 miles. 
7 he suptrginnt Betclgeux and (he red dwarf 
61 ^ M-i}p$ specira, 

Areiutiis is of type A*, and ihe Sun iype O 


BY THF EARLY YEARS of the twentieth cenlury, astrophysics had 
become one of the most important branches of modem astronomy. 
I’he spectra of the stars had been studied, and radial Yclocities 
measured according to the Doppler principle. 

It was during this period that a very interesting discovery was 
made by a Danish aslrophysiciatj Ejnar Hertzspnjngj who had 
been bium near Copenhagen in 1873 and had tackled problems 
of celestial spectroscopy. Hcrlzspaing noticed that the red 
stars, most of which arc of type M according to the Harvard 
classification, fell into distinct groups* There were very luminous 
ted stars far brighter than the Sun, and very dint red stars much 
feebler than the Sun, but there did not seem to be any of "middling" 
luminosity. 

Much the same results were obtained independently by Henry 
Norris Russell, Director of the Princeton Observatoryvin America* 
To Russell we owe the terms "giant" and "dwarf" as applied to the 
stars. It became clear, too, that liiere was a giant and dwarf sub¬ 
division with the orange and the yellow^ stai^, hut not with the 
hotter white and blue stars of types B and A, most of which arc 
extremely luminous. 

Arcturus, the lovely orange leader of Bootes the Herdsman, is of 
type Kh The brighter component of the 61 Cygni binary^s famous 
as being the first star to have its distance measured by the parallax 
met hod j is also of type K* Yet here the resemblance ends. Arcturus 
is 26 mDhon miles in diameter and 100 times as luminous as the 
Sun; 61 Cygni has a diameter of only 600,000 mJles and only 
6/1 GO of the Sun^s luminosity* Arcturus is a true giant, while 
fii Cygni is undoubtedly a dwarf on the cosmical scale. The 
mass ratio is only 16 lo i, so that the dwarf is the denser of the 
two. 

If we turn next to stars of type M, we have a splendid example 
of a gianl—Betcigeux in Orion, which is some 250 nuUion miles 
across, larger than the Earth"s orbit round the Sun. To show how 
vast Betcigeux is, it may be helpful to imagine a journey round it, 
moving at a steady fio m.p.h. Anyone who had begun such a trip 
in the day'?; of King Canute would still not have been once right 
round the star, since the time required for one "tap^ W'OuId be well 
over a thousand years. 

Barnard"s Star—named in honor of E* E* Barnard, who paid 
special attention to it—is one of our nearest stellar neighbors. 
Like Betelgeux it has an M-type spectrum, but ils diameter h less 
than i5t>jOCKJ miles. The difference in brilliancy is just as marked. 
Betelgeux shines with a luminosity equal to 1200 Sum; Barnard's 
Star has only 16/100 of the Sun's brightness. 

What of the Sun itself? To some people it comes as a surprise 
to find that it is ranked as a Yellow Dwarf, True, it has a diameter 
of 865,000 miles; but Capclla—a typical Yellow Giant-^is more 
than 10 million miles across, and 150 times as luminous. How- 
eve r,^ it is among the white and bluish-whiLc that we find the 
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THE HERTK-iPRUN^-RUSgElHT. DIA¬ 
GRAM. This rdatmiship biioit^n 

u siar^s spactrtim aitd ih iuminositj. Sup^r- 
giants art on the uppermost pari of the graphs 
the giatfl hrartch to the rights aud 
Dioarfs to the towfr Uft. Jilost of the stairs 
belong to the /Vfdjrt Se^ence^ whkh h shown 
by the white band. For many years it was sup¬ 
posed that this graph showiri a sfriet enaiutioit-- 
ary sequence, sa that a star descemitd the Main 
Sequence from type H to hut it is now 
known that matters are much more Compiex 
than this. The principU of grapfis of this 
kind was due to work of H, jV^ Russell^ of 

(he Uniisd States, and E* Hcrigspning of 
Denmark 


real searchlights ol the UTiiverse, Rigel, as wr have secn^ is at least 
ifijCHDO times as lurtiitious as the Sun^ and the mc3St energetic stars 
known to us have something like a million Sun-power, 

Hertzsprung and Russell worked away at the giant-and-dw^arf 
problem, and the result was a diagram uf the kind shown here. 
We can see that red stars of about the same luminosity af? the 
Sun are to all intents and purposes absent. In type M wc have 
cither very large giants^ or else very feeble dwarfs. There are no 
half’^measures. 

Alii this is bound up with the importiuit problem of the source 
of a stars energy^ and we must admit at once that things arc not 
so simple as they might seem. It is untrue to say that the Sun and 
other stars are "burning'. They are too hot to burn^ but in any 
case there is an easy way of showing that they must draw their 
power from some other source. The hrst man to point this out was 
not an astronomecj but a Scottish physicist—William Thomson, 
afterwards Lord Kelvinp who lived from 1824 to 19071 and brramc 
perhaps the greatest British scientist of his lime. Kelvin proved 
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THE TRIFID NEBULA IN SAGIT¬ 
TARIUS, photographed on June ig2t^ 
with the 100-inch Hooker reflector at Momt 
Wilson; exposure 2\ hours. A nebula of this 
sort is a mass of dust and gas, and is entirely 
different from a galaxy such as the Andromeda 
Spiral^ since it is a member of our own 
Galaxy, The old name for external galaxies, 
^spiral nebui^\ is now obsolete. It was in any 
case somewhat misleading, since by no means 
ail ike galaxies are spiral in form 


that if it were burning in the manner of a coal firCj the Sun would 
last only for a few thousands of years, whereas in fact the age of the 
Sun must be measured in thousands of millions of years* 

Geologists can tell us the age of our own Earth with fair cer¬ 
tainty* It proves to be at least 3^000 million years, and the Sun is 
older still, so that the ‘burning' theory is obviously wrong, (It is 
worth adding that men are relative newcomers to the scene. If we 
draw up a scale on which we represent the age of the Earth by 
eighty hours, the whole story of human civilization will have to be 
crammed into a single second*) 

A better idea was put forward by Sir Norman Lockyer in 1890* 
Lockyer, the pioneer spcctroscopist who paid such attention to the 
prominences of the Sun, was deeply concerned with the life- 
stories of the stars, and his plan of stellar evolution sounded delight¬ 
fully straightforward* Wc know now that it was not correct, but 
nevertheless it provided a useful working basis* 

Lockyer began by supposing that a star condensed out of 
material scattered in space as dust and gas* We know of such 
material; the Orion Nebula, close to the three bright stars of the 
Hunter's Belt, is made up of it, and this part of Lockyer’s scheme 
is still accepted today* 

Lockyer suggested that as the material drew together it would 
form a spherical mass, and its inner temperature would rise* 
Gravitational force would tend to make all the material condense 
towards a point in the centre of the mass, and so the temperature 
would increase steadily. At first the star would be a Red Giant of 
vast diameter, and relatively low surface temperature; as it 
shrank, it would become a Yellow Giant, and then a smaller 
but hotter bluish-white star of type B. This would be the peak 
of its career* The gravitational shrinking would go on, but the 
temperature would drop also, and the star would become succes¬ 
sively a Yellow Dwarf (such as the Sun) and finally a Red Dwarf* 
Eventually all its heat would leave it, and it would become a cold, 
dead globe* 

When Lockyer put forward this theory, the giant and dwarf 
divisions had not been recognized* The later work of Hertzsprung 
and Russell seemed to provide splendid confirmation, but still 
there was something wrong* A star which radiated only because it 
was shrinking under the influence of gravity could not last for more 
than 50 million years, which was not enough. 

Russell tried to put matters right by introducing the idea of 
atomic energy. He knew of course that an atom contains protons, 
each of which carries a unit positive charge of electricity, and 
electrons, each of which carries a unit negative charge. If a proton 
and an electron met, he suggested, they would ‘cancel each other 
out*, and both would vanish, with the emission of energy* Could 
it be that a star shone because it was annihilating its material? 

Russell’s theory was published in 1913, and seemed to be 
satisfactory* A star would begin as a Red Giant, as Lockyer had 
supposed, and would turn into a hot white star, after which it 
would pass down the dwarf branch or Afain Sequence until ending 
up as a Red Dwarf* Unfortunately there were difficulties of 
another sort. So much energy would be available that a star could 
last for at least ro million million years, and this was as obviously 
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too long as Lockycr’s 50 million years had been too short* To make 
things worse, further studies of the atom showed that a proton and 
an electron could not annihilate each other as Russell had 
supposed. 

Astronomers such as Sir Arthur Eddington, who had been born 
at Kendal, in Westmorland, in 1882 and who was responsible for 
great advances in our know ledge of a star’s interior, puzzled over 
the w^hole problem of stellar evolution; yet almost up to the out¬ 
break of the Second World War, the chief mystery—the source of 
stellar energy—^remained unsolved* 

The vital clue was discovered in 1938 by two astrophysicists 
working c|uite independently of each other, Hans Bethe in 
America and Carl von Weizsacker in Germany* Apparently 
Bethe had been attending a conference in Washington, and was 
returning by train to Cornell University when he started wonder¬ 
ing whether he could calculate any 'nuclear reactions’ which 
would explain the reason why the Sun shone* Before he got out of 
the train, he had broken the back of the whole problem. 

Hydrogen is much the most plentiful substance in the whole 
universe, and the Sun contains a tremendous amount of it* Near 
the Sun’s centre, where the temperature is around 205000,000 
degrees and the pressure is colossal, strange things happen to the 
hydrogen nuclei. They band together to form nuclei of the second 
lightest element, helium* It takes four hydrogen nuclei to make 
one nucleus of helium, and the process is a complicated one, but 
the net result may be summed up quite simply: hydrogen is 
changed into helium, and energy is released in the process* It is 
this energy which is responsible for the Sun’s radiation. 

If it were possible to balance four hydrogen nuclei against the 
single helium nucleus formed from them, we would find that the 
helium is slightly the less massive* Therefore, mass has been 
lost in the energy production process. It appears that the Sun is 
losing mass by 4,000,000 tons every second. The figure seems 



PROFESSORSIRARTHUREDDINGTON* 
0 n£ of the greaUsi of British astrophysicists^ 
Sir Arthur Eddington was tesponsible for 
many important advances. He was moreover 
well known as a lecturer and broadcasterj and 
wrote a number of popular books on astronomy 
and allied subjects. Modern theories of stellaf 
evolution owe muck to his pioneer work in the 
earlier pari of the present century 


STELLAR EVOLUTION ACCORDING 
TO LOGKYER* Iti its final development^ 
Lockyer'^s theory gave what appeared to be a 
very plausible explanation of stellar evolution, 
A star would begin its career as a Red Giant 
such as Betelgeux^ pass down the giant branch 
until becoming a very luminous star of type B 
{Rigel)^ and then pass down the Main 
Sequence^ becoming a Red Dwarf {Proxima) 
andj finally, a cold dark globe. It 15 now 
known that the whole theory is incorrect^ and 
matteis are in fact much less straightforward, 
jVevertheless^ Lockyer's theory provided a 
useful working basis 
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THE HORSE^S-HEAD NEBULA IN 
ORION, near the bright star ^eta Orionis. 
This nebula^ known officially as LC, ^3^ or 
Barnard is made up of dark material^ and 
it is easy to see why it has been nicknamed the 
^Horse^s^Head\ The photograph was taken 
in red light with the 200~inch Hale reffector at 
Falomar 


unbejievabie, bui we may be sure that it is not very wide of the 
mark* 

Hydrogen is the essential Tuer, at least for stars such as the Sun, 
and of course the hydrogen supplies will not last for ever* More¬ 
over, the very luminous stars are losing mass at an even more 
staggering rate. It has been estimated that Rigel in Orion does 
so at 80,000 million tons per second, and it cannot go on radiating 
so energetically for more than a few millions of years at most* 

In view of this new work, it is time to have another look at the 
Hertzsprung-Russel I Diagram and to decide whether we can 
still retain the attractive Red Giant to Red Dwarf sequence* 
Rather reluctantly, astronomers have decided that we cannot* 
There is no choice but to start afresh* 

We begin, as before, with a gaseous nebula such as the Sword of 
Orion, Local condensations appear, and the ncw'ly-born star con¬ 
tracts under gravitational force. As soon as the central temperature 
is high enough, nuclear reactions begin, and by the time the star 
has reached the Main Sequence we find that it is drawing its 
energy from the conversion of hydrogen into helium. 

The main difference between modern and older theories is that 
a star such as the Sun is becoming more luminous as it uses up its 
hydrogen Tuci\ Wc still do not know the full details, but it now 
seems certain that the energy output is becoming greater instead 
of smaller, so that the final fete of life on Earth w'ill be destruction 
by heat instead of by cold. 

Once a Main Sequence star has almost exhausted its hydrogen 
it is left with a central core of helium, which cannot be used for 
energy production. According to one theory this core will then 
begin to shrink once more under the influence of gravitation, and 
the star will rearrange itself drastically* 'Ehe outer layers will 
sw'cll, and cool as they do so, until we are left with a star consisting 
of a small, very hot core surrounded by a huge rarefied fetmo- 
sphere’. In other words, the star will become a Red Giant* 

Not all authorities agree with this picture, A Red Giant may 
be built on a dilferent pattern, and its source of energy is not 
yet properly understood, though nuclear reactions arc certainly 
involved* But we can see that on modern theories a Red Giant is 
not a young star at all; it has reached a late stage in its career, 
and there is a strong possibility that our own Sun will become a 
Red Giant in something like 10,000 million years from now. 

The giant stage cannot last for ever, and once the star has used 
up all its nuclear ffuef it must change again. We do not know what 
happens. It may be that there is a tremendous explosion produc¬ 
ing a supernova similar to the star seen by Tycho Brahe in 
1572; it may be that supernovae are the exception and not the rule. 
At any rate, some astronomers believe that a Red Giant changes 
rather suddenly, on the astronomical scale, into a very different 
object—a White Dwarf. This brings us on to the remarkable story 
of Sirius B. 

Sirius itself is the most brilliant star in our skies. It is by no 
means particularly luminous; admittedly it is 26 times as powerful 
as the Sun, but this does not seem much when we remember 
that we know of stars which have a million Sun-power. Sirius 
is conspicuous mainly because it is only light-years away. Of 
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the Tst-magnitudc stars, only Alpha Ccntauri, at 4^ light-years 
is nearer* 

This closeness means that Sirius has an exceptionally rapid 
proper motion* In 1834, Friedrich Bessel realized that it was 
behaving in a peculiar manner* Its motion relative to its neigh¬ 
bors seemed to be erratic; instead of moving uniformly, it was 
'waving" its way along, as shown in the diagram. Each 'wave' was 
very liny, and took about fifty years to complete, but there seemed 
to be no doubt about it* 

Bessel decided that there was only one explanation* Sirius must 
have a faint companion which was polling on it and making it 
travel in a curve instead of a straight line* Just as Adams and Le 
Verricr later tracked down the planet Neptune because of its 
effects on Uranus, so Bessel worked out where the companion of 
Sirius must be* He had no hopes of seeing it himself; he realized 
that it must be overpowered by the glare of the bright star* When 
Bessel died, in 1844, the Companion was still undiscovered* 

Then, in 1862, a well-known Atnertcaii instrument-maker 
named Clark decided to test a new 20-inch telescope by looking at 
Sirius, At once he saw a dim speck of light close beside the bright 
star. It proved to be the long-expected Cbmpanionj almost 
exactly where Besse! had said it would be. 

According to its effects on Sirius itself, the Companion was 
estimated to be almost as massive as the Sun. Since it was only of 
magnitude 8^, it was 10,000 times less luminous than its brilliant 
neighbor, and was assumed to be cool and red, with a large 
diameter. 

The real shock came in 1915. At Mount Wilson, Walter Sydney 
Adams examined the spectrum of the Companion, and found 
to his surprise that the star was not cool at all* It was white, and 
its surface temperature was 8,000 degrees—2,000 degrees greater 
than the Sun’s, 

Astronomers all over the world were deeply interested. The 
Companion was very faint, so that it sent out relatively little light 
—and yet its surface was at white heat! The only way to make the 
observations fit was to assume that it was a dwarf with a diameter 
of only 24,000 miles. This meant that it was smaller than a planet 
such as Uranus or Neptune* 

On the other hand the Companion was about as massive as the 
Sun, and so was quite unlike a planet* It was amazingly 'heavy’ 
for its size, with a density of something like 70,000 times that of 
water* Comparing it with Sirius was rather like comparing a small, 
dense bullet with a distended cream puff* 

Other 'White Dwarfs’ were found, some of them even more 
extraordinary. One star studied by G, P, Kuiper in America 
proved to be only 4,000 miles across, about the size of Mars, and 
yet as massive as the Sun* If it were possible to take a cube of 
material from Kuiper's Star, with each side of the cube measuring 
one-tenth of an inch, and bring it back to Earth, the weight 
would be about half a ton. Many tons could be packed into a 
thimble* 

To explain this ^super-dense' matter wc must go back to our 
description of the way in which an atom is built up* There is a 
central nucleus, round which move circling or planetary electrons. 
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APPARENT MOVEMENT OF SIRIUS 
IN THE SKY* The proper motion of the 
bright component^ shown by the thick wavy 
line^ showed that there must be an unseen 
companion affecting its motion 
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SIZES OF DWARF STARS. The SUTt^ With 
its diameter of SGsf^ooo miles^ is regarded as a 
dwarf star^ but some of the White Dwarfs are 
much inferior to it in size. Here, the Sun is 
shown together with the planets Uranus, the 
Earth and Mars^ and two White Dwarfs — 
Sirius B and Kuipef'*s Star, It is remarkable 
to find that Kuiper^s Star, with a diameter 
slightly less than that of Mars, has a mass 
equal to that of the Sun, so that its matter is 
remarkably dense 


(It is not easy to explain atomic structure in non-mathematical 
language, since the nucleus and the electrons are not, strictly 
speaking, solid lumps of material; but the picture is good enough 
for our present purpose.) It is clear, then, that most of the atom 
is empty space. High temperatures and pressures break up the 
atom by knocking off some of the planetary electrons; an atom 
damaged in this way is said to be ionized. In a White Dwarf, the 
ionization is complete. Every planetary electron is removed, and 
the result is a chaotic jumble of atomic nuclei and unattached 
electrons. Waste space is eliminated, and the broken pieces of the 
atom may be crammed close together* This accounts fur the 
incredibly high densities. 

There seems little doubt that a White Dwarf has used up all 
its nuclear fuel, and is continuing to shine only because it is 
still shrinking slowly under the influence of gravitation. It is a 
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'bankrupt’ star, and has sunk into a long-drawn-out old age. No 
more supplies of energy are left to it, and eventually it must die* 

Do all stars turn into White Dwarfs eventually? Some authori* 
tics believe so, in which case the life-story of a star may be summed 
up quite neatly* The star begins by condensing out of interstellar 
material; it joins the Main Sequence, and may become very 
luminous; it turns into a Red Giant as its hydrogen is exhausted, 
and when it has used up its other fuels also it collapses into a 
White Dw'arf. This may well be the fate in store for the Sun. 

The picture may be completely wrong* Theories change every 
few years, and new discoveries may cause us to alter our ideas 
completely. For the moment, however, we can say no more* There 
is at least a good chance that our Sun will experience a period of 
glory before it collapses and becomes a Stellar glow-worm’ similar 
to the strange, super-dense Companion of Sirius. 
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THE DOUBLE STAR-CLUSTER IN 
PERSEUS. These objects are not included 
in Messier^sfamous catalogue^ and are known 
officially as and ^4, from their 

numbers in HerscheVs catalogue. The photo- 
graph given here was taken in igj2 by W. S. 
Franks^ using a 6-inch refractor. The clusters^ 
nicknamed the ^Sword-Handle' [not to be 
confused with the Sword of Orion) are beau¬ 
tiful objects^ excellently seen in a small tele¬ 
scope 


WE HAVE SEEN how men such as Hipparchus, Ptolemy and 
Tycho Brahe drew up star catalogues, using observations made 
with the naked eye. The later application of telescopic sights 
allowed Flamsteed and his successors to draw up far better 
catalogues. In this connection it would be unfair not to mention 
Friedrich Argelander, who was born at Memel in Germany in 
1799, and became Director of the Bonn Observatory. Between 
1852 and 1863 he drew up a ‘sky census’ including all stars down 
to the 9th magnitude—a grand total of over 300,000, The Bonn 
Durchmusterung became a standard work. 

Argelander was assisted by another German astronomer, 
Eduard Schonfeld, who later extended the catalogue to the 
southern skies and charted about 133,000 stars. Schonfeld 
became Director of the Bonn Observatory after Argelander died, 
and remained so until his own death in 1891. 

Nowadays, of course, photography has enabled us to produce 
very detailed sky surveys. Particularly useful is the Schmidt 
camera, invented as recently as 1930, which has a rather compli¬ 
cated optical system which makes it possible to photograph large 
areas of the sky with each exposure. Large Schmidt cameras have 
been set up at Palomar and elsewhere. Bernhard Schmidt, who 
developed the principle, was originally interested in explosives, but 
having hurt himself so badly that he lost an arm he turned to 
astronomy as being rather safer. Astronomers throughout the 
world have every reason to be grateful that he did, since Schmidt 
cameras have proved to be of the greatest value. 

Among the stars catalogued in early times were some which 
proved to behave in a curious way, since they did not shine 
steadily. Their brightness altered, sometimes to an extent of 
several magnitudes. Perhaps the most famous of these variable stars 
is Mira, in the constellation of Cetus, the sea-monster of the 
Perseus legend. 

One of the early pioneers of telescopic astronomy was David 
Fabricius, a Dutch pastor who lived at Osteel in Holland. He was a 
friend of Tycho and Kepler, and father of Johann Fabricius, who 
discovered sunspots independently of Galileo and Scheiner but 
who died young. 

On August 13, 1595, David Fabricius was looking at stars in 
Cetus when he noticed an object of the 3rd magnitude. He paid 
no particular attention to it, since it looked just like a normal star, 
but by October it had disappeared. It is rather curious that 
Fabricius made no attempt to follow the matter up. (Incidentally 
he met with an unfortunate end. In 1616 he preached a sermon in 
which he said that one of his geese had been stolen, and hinted 
that he knew who was responsible. Evidently he was right, since 
he was murdered before he could give the name of the thief.) 

When Johann Bayer was drawing up his own catalogue, in 
1603, he recorded a star in the same place as Fabricius had done. 
This time it was of the 4th magnitude, and Bayer gave it the 
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THE CONSTELLATION OF CETUSj 

showing the position of the long-period vari¬ 
able Mira 



RICH STAR-FIELD IN THE MILKY 
WAY REGION 


HIGH-DISPERSION SPECTRUM OF 
MIRA CETI 


Greek letter Omicron* He did not associate it with Fabricius’ 
vanishing star; neither did Wilhelm Schickard, Professor of 
Mathematics at Tubingen University^ who saw it again in 1631* 

Then, in 1638, another Dutchman—Johann Phocylides Hob 
w'arda. Professor at Franeker University—began a series of 
observations which showed that Omicron jCeti appeared and 
vanished regularly. It was a genuine variable star, and further 
observations by Hevelius from 1648 onward showed that it had a 
period of about 331 days. At maximum it may reach the 2nd 
magnitude, and has been known to outshine Polaris. At minimum 
it drops to magnitude 9I, so that even binoculars will not show it. 
It has an M-type spectrum, and is strongly orange-red; like 
Betelgeux, it is a Red Giant of vast diameter. Moreover it has a 
faint companion which may be a White Dwarf, 

Omicron Geti was the first variable star to be identified, and 
was well named Mira, or ‘the Wonderfuf. Neither the period nor 
the maximum magnitude are constant. In some years Mira has 
failed to become brighter than the 5th magnitude, and on an 
average it is only visible to the naked eye for about 18 weeks out 
of its 47-week period. 

Many other 'long-period variables' have been detected, a notable 
example being Chi Cygni in the Swan, which has a period of 
409 days. At maximum it is of magnitude 4I, and is an easy naked- 
eye object, but at minimum it sinks to magnitude 14, and a tele¬ 
scope of some sizfe is needed to show it, Chi Cygni, too, has an 
M-type spectrum, and is a Red Giant, Most (though not all) of 
the long-period variables are of the same type. A small instrument 
will reveal many of them, and it is fascinating to watch their slow 
but obvious changes in brilliancy. 

Rather difierent are the irregular variables, which have no 
definite periods at all. The most conspicuous of them is of course 
Betclgeux in Orion, which sometimes matches Rigel, but may 
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THE CONSTELLATION OF CEPHEUS, 

showing the positions of the famous variables 
Delta and Mu. Cepheus is not a prorninent 
groups but the W of Cassiopeia may be used 
as a pointer to it; its brightest star is 
Alderamin. Delta Cephei is not conspicuous^ 
but is always an easy naked-eye object^ and 
may be compared with its two neighbors 
Epsilon and ^eta, with which it forms a small 
triangle. Mu is sometimes easy to see without 
optical aid., but at its faintest it drops to 
almost the 6th magnitude. The strong red 
color which led to HerscheVs christening it 
Hhe Garnet Star^ is not evident with the naked 
eye., but any small telescope will show it 
excellently 
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LIGHT-CURVE OF DELTA CEPHEI. 

The fluctuations are perfectly regular. This 
star is the most famous member of its class 


fade until it is no brighter than Aldebaran in the Bull. There is a 
rough period of about 5 years, but we can never tell just how 
Betelgeux is going to behave. This applies also to Mu Cephei, in 
the far northern part of the sky, which fluctuates between magni¬ 
tudes 4 and 6. It is so highly-colored that Sir William Herschel 
nicknamed it ‘the Garnet Star’, and it is a lovely object in bino¬ 
culars or a small telescope. 

Some faint variables are even more unpredictable. R Coronae 
Borealis in the Northern Crown is usually easy to see in a low- 
powered instrument, but sometimes it drops abruptly by as much 
as 8 magnitudes, remaining at minimum for some time before 
brightening up once more. Z Camelopardalis in the Giraffe 
normally shows semi-regular rises and falls, but sometimes be¬ 
comes perfectly steady for months on end before starting to 
fluctuate again. Stars such as SS Cygni and U Geminorum have 
periodical ‘outbursts’, and are sometimes termed dwarf nove. 
There seems to be no end to the different types. 

On the other hand there are some variable stars which are as 
regular as clockwork, so that we can always forecast their bright¬ 
ness with complete accuracy. The most famous of them is Delta 
Cephei, whose changes were first detected in 1784 by a most 
unusual astronomer—John Goodricke. 

Goodricke was born in Holland, of English parents, in 1764. 
He was deaf and dumb, and remained so all through his life, but 
there was nothing the matter with either his eyesight or his brain, 
and he became an expert observer as well as a theorist. Unfor¬ 
tunately he lived only to the age of twenty-one. In spite of his 
handicap, he had shown every sign of becoming one of the 
leading astronomers of his time. 

Goodricke was studying the stars in Cepheus when he was 
attracted by the changes of Delta, which forms a small triangle 
with its neighbors Epsilon and Zeta Cephei. There was a regular 
rise and fall, and soon Goodricke found that maxima occurred at 
intervals of 5 days 9 hours. The magnitude range was from 3*7 to 
4'3, so that the star was always an easy naked-eye object even 
though it was never particularly conspicuous. 

In the same year another English astronomer, Pigott, found that 
Eta Aquilae, not far from the brilliant star Altair, varied from 
magnitude 3*7 to 4*5 in a period of just over 7 days. Like 
Delta Cephei, it was completely regular, and this applied also to 
many other variables found in later years, notably Zeta Gemi¬ 
norum in the Twins. Kappa Pavonis in the Peacock, which is 
too southerly to be seen from Britain or the Northern United 
States, is yet another similar variable. 

Stars of such a kind are known as Cepheids, since Delta Cephei 
is the most celebrated member of the class. They have proved to be 
some of the most important stars known to us, because their 
periods are linked with their real luminosities; the longer the 
interval between one maximum and the next, the more luminous 
the Cepheid. For instance Delta Cephei, with a period of 5 days 
9 hours, shines 660 times as brightly as the Sun when at its bright¬ 
est. Eta Aquilae, with a period of over 7 days, is more luminous. 
A southern Cepheid, / Carinae, with a period of 35I days, has a 
maximum luminosity as great as 5,500 Suns. 
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THE CONSTELLATION OF A^UILA, 
showing the position of the Cepheid variable 
Eta Aquilte 



SUPERNOVA IN THE GALAXY I.C. 

4168, photographed with the 100-inch 
Hooker reflector at Mount Wilson. (Top) 
August /557, when the supernova was, at 
maximum. (Middle) JVovember 34, 
the supernova is now fainter. (Lower) 
January ig, igqs; the supernova can no 
longer be seen. Supernovie of this sort have 
ofen been recorded in external galaxies 


The reason for this period-luminosity law is quite unknown, but it 
is remarkably useful. As soon as we know the period of a Cepheid, 
which we can find out merely by studying it with a telescope, we 
can tell its luminosity. By comparing the luminosity with the 
apparent magnitude, we can work out the star’s distance. Since 
Cepheids are powerful stars, they remain visible over vast dist¬ 
ances, and have been named the ‘standard candles’ of the Galaxy. 
By using them we can gauge distances which are so great that 
the old parallax method would be utterly useless. 

It is interesting to find that the Pole Star is a Cepheid variable. 
Its changes in magnitude are very slight, and its period is almost 
4 days, which tells us that its luminosity is about 550 times that of 
the Sun. 

Related to the Cepheids are the RR Lyrse variables, which arc 
just as regular but which have shorter periods. All are remote, and 
so all appear faint. The strange thing about them is that all seem 
to have about the same luminosity, 90 times as great as the Sun’s. 
They are so called because RR Lyrse, in the small but interesting 
constellation of Lyra (the Lyre) was the first to be discovered. 

Many theories have been put forward to explain the reasons 
why some stars are variable. Our knowledge is still not complete, 
but we do know that the variables swell out and contract, so that 
their fluctuations are due to actual changes in the stars themselves. 
Unlike the Sun they are not completely stable. It has been sug¬ 
gested that all stars become ‘variables’ for a period in their careers, 
but this may or may not be the case. It is certainly fortunate that 
the Sun is steady and well-behaved, as otherwise the temperature 
changes on Earth would make our world unfit for habitation. 

Neither do we know the exact cause of novie, or ‘new stars’— 
which, as we have seen, are not genuinely ‘new’ at all, but repre¬ 
sent some tremendous upheaval in a previously faint object. The 
very brilliant stars seen by the Chinese in 1054, Tycho in 1572 
and by Kepler in 1604 were more cataclysmic still; in such 
supernova the star seems to blow most of its material away into 
space, so that it never returns to its old state. The wreck of the 
Chinese supernova, for instance, may still be seen as a gas-cloud, 
noticed by Messier and known to astronomers as the Crab Nebula. 
It lies near the 3rd magnitude star Zeta Tauri, and may be seen 
with a small telescope, though large instruments are needed to 
show its full beauty. 

Normal novee are much more common. A particularly interest¬ 
ing one appeared in 1934, when J. P. M. Prentice, an English 
amateur famous for his work on meteors, discovered a bright ‘new 
star’ in Hercules, not far from the head of the Dragon. It reached 
the tst magnitude before fading away again, and is still visible in 
powerful telescopes. Other bright nova: of the present century 
appeared in 1901, in Perseus; 1918, in Aquila; 1925, in Pictor; 
1936, in Lacerta; and 1945, in Argo Navis. The first two became 
very conspicuous, and for a brief period outshone all the stars apart 
from Sirius and Canopus. Nova Persei later developed a ‘shell’ 
of gas, which expanded outward and showed many interesting 
features. Nova Lacertae also ejected gaseous shells at a speed of 
something like 2,400 miles per second. 

The last bright nova was discovered on March 7, i960 by the 
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Norwegian astronomer Olaf Hassell. It reached the 5th magni¬ 
tude, and I remember seeing it clearly with the naked eye, but it 
faded quickly. A new bright nova may appear at any moment, and 
quite possibly it will be first detected by an amateur-—but anyone 
who sees a bright star which he cannot identify would be unwise 
to report the discovery of a nova until very careful checks have 
been made. 

Mention must also be made of an extraordinary star in the 
southern hemisphere, Eta Argus* It seems to be a variable and 
not a true nova, but its light-changes have been remarkable. 
About 1840 it was brighter than any star in the sky apart from 
Sirius; for the last half-century it has been too faint to be seen 



POSITION OF NOVA (oq) HERCULIS 
1934, in th£ r€gim of Vega and the head of 
Draco 


NOVA H ERGULis 1 g ^, pkoiogfaphed in 
ultra-violet, green and red light in 
Photographs with the 200-inch Hale reflector 
at Palomar 


EXPANDING NEBULOSITY ROUND 
NOVA FERSEi, photographed with the 200- 
inch Hale reflector at Palomar 
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without a telescope. It is associated with the lovely gaseous Key- 'the keyhole nebula ih argo* 

hole Nebula, and northern astronomers always regret that it never ^ebulosity in the region ^ of the famous 

rises above the horizon in Europe or the Northern United States. irregular variable Eta Argus. Unfortunately 

Most bright variables and nova- are a long way ofi, which means from Europe or the northern United States 

that our knowledge of them is always out of date, Prentice’s nova 

^ 934 j instanccj is 800 light-years away. This means that the 
outburst actually took place not in 1934, but about 1134, during 
the reign of William the Conqueror’s son Henry I. 

In 1669 Oeminano ^Montanarij Professor of Nlalhcmatics at the ligiit-gurve of beta lyr^e. 7^he 

Italian University of Bologna, found that Algol (Beta Persei) was secondary minimtim is much more pronounced ^ 

apparently variable. At this time Mira was the only variable star 9 f 
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THE CONSTELLATION OF PERSEUS 
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Algol 


LIGHT-CURVE OF ALGOL. The small 
secondary minimum cannot be detected without 
instruments 



THE CONSTELLATION OF LYRA 



known, so that Montanari’s discovery caused great interest, 
particularly as Algol behaved in a way of its own. Usually it was 
steady at just below the 2nd magnitude, and showed no changes 
for a total period of 2 days 11 hours. Then it faded down to 
magnitude 3^, taking 5 hours to do so; it remained faint for a 
short period, and then took a further 5 hours to climb back to 
maximum. 

Goodricke, painstaking as ever, studied Algol closely and came 
to the conclusion that the star was not a genuine variable at all. 
Admittedly it showed fluctuations in light, but Goodricke believed 
that these changes were due to some darker body passing between 
Algol and ourselves. In this case Algol would be a binary, with 
one bright and one dimmer component; when the dimmer star 
passed between the bright component and ourselves, it would 
eclipse the main star, and the total brightness would drop. 

As we now know, Goodricke was quite right. The bright mem¬ 
ber of the Algol pair has a B8-type spectrum and a surface tempera¬ 
ture of 12,000 degrees, with a diameter of about 2^ million miles. 
The faint component is larger but less brilliant. When the bright 
star eclipses the faint star there is a much smaller fall in brilliancy, 
so slight that even Goodricke did not notice it. 

Strictly speaking, then, Algol is not a proper variable, but an 
eclipsing binary. There is no difference between it and an ordinary 
binary of short period except that the plane of the orbit happens to 
lie in our line of sight. Were the orbit differently tilted, no eclipse 
would occur, and Algol would shine steadily. 

Another eclipsing variable easily visible to the naked eye is 
Beta Lyrae, close to the brilliant Vega. Here the light-changes are 
always going on. Both components are very hot and luminous, 
and are so close together that they almost touch. They raise huge 
tides in each other, and each star is distorted into the shape of an 
egg; they draw material out of each other, and some of this 
material streams out to produce a shell of gas round the pair. 
Fewer than 200 Beta Lyrae-type variables are known, but eclipsing 
binaries similar to Algol are much more common. 

Perhaps the most remarkable of the eclipsing binaries are Zeta 
and Epsilon Aurigae, which with Eta Aurigae form a triangle of 
stars beside Capella. Zeta consists of a B8 giant over 100 times as 
luminous as the Sun, accompanied by a K4-type star with a much 
lower surface temperature but with a diameter of at least 
200 million miles. The period is 972 days, as against less than 4 
days for Algol, which shows that the components are much 
farther apart. When the red star eclipses the hot giant, interesting 
changes in the spectrum are noted; the hot star seems to dim 
slightly, showing that it is shining through the vast tenuous 
atmosphere of its companion, and it is some time before the 
spectrum of the hot star disappears. From this we can calculate 
that the outer part of the red component has a density of no more 
than about one-five-millionth that of water. 

Epsilon Aurigae consists of a particularly luminous yellow star 
60,000 times the power of the Sun, together with a companion 
whose surface is much cooler (only 1200 degrees), but whose 
diameter is around 1,800 million miles—larger than the orbit of 
Saturn! A jet-aircraft moving at a constant speed of 1,000 m.p.h. 
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THE COKaTEI^LATlON OF AURIGA, 
showing fAf positions of th^ two rtmorkshle 
£€lipsing binarus Epsilon and ^eta Aurig^^ 
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J3FTFCTION OF A SPECTROSCOFIC 
BINARV. In the positions shown, compontnt 
A is approaching and will sham a viokt shift{ 
B is r^ctdingj and will show a red shift 


would take over 6,000 years to go once murid the red star of 
EpsiloH Auris^K. EcHpscs are mfrequent, since the revolution 
perifxl is 27 years. As long ago as 18a i Fritsch found Epsilon 
Aurigi to be a variable, but the fact that it is actually an echpaing 
binary was nut discovered until astrophysical methods were 
used much later. 

Eclipsing binaries prove that some apparently single stars are in 
fact pairs, with components so close together tJiat no telescope will 
divide them* However, the German astronomer Vogel, who acted 
^ Director of Potsdam Observatory between 1882 and his death 
in 1907, found that where the telescope fails the spectroscope can 
succeed. We come back once more to our reliable ally the Doppler 
Efl'cet. 

Suppose that we have a very close binary whose components 
appear as a single mass? If the orbital plane is almost edge-on to 
ii$s as shown in the diagram, there will be times when one star (A) 
is approaching us^ while the other (B) is receding. The spectrum of 
A will therefore yield a Doppler shift towards the violet, while the 
spectrum of B will give a red shift. At other times, when A is 
receding and B approachingi the shifts wil] be reversed; when the 
motion of the components is transverse to the line of sight, there 
will be no Doppler shifts due to orbital motion. 

Jf therefore we find a star whose spectrum lines regularly 
become double, we may be sure that we are dealing with a close 
spectroscopic binary. Capella is one such star, while the bright 
component of Mizar in the Great Bear is another. 

Visual binaries are much more common than optical pairs of the 
kind shown In the diagram on page 97. Some of them show 
contrasting colors, and are really beautiful. Perhaps the loveliest 
of all is Albireo In the Swan, which has a yellow' primary and a 
bluish-green companion and is well seen in a small telescope. 
Anfares, tlie bright red star in the Scorpion, has a green com¬ 
panion; so has Rasalgrthi in Hercules^ w 4 ich is one of the largest 
stars known to us and may even have a diameter greater than that 
of Epsilon Aurigit. 

1 he stars of a binary system move round their common centre of 
gravity- Tlie periods range from a few hours for close spectroscopic 
pairs up to milliorLS of years for wide visual pairs, A,^ we have 
seen, the stars are not so unequal in weight as might be sup¬ 
posed; even Mira Ceti, with its vast diameter of about 200 
million miles, has less than ®o times the mass of the Sun. There¬ 
fore the centre of gra^'ity for a normal binary system is not very 
far from the mid- point of an imaginary line joining the centres 
of the two stars. 

Multiple stars also occur* The most spectacular is Epsilon Lyra:, 
near Vega. To the naked eye it appears as a double, and a 3-inch 
refractor is enough to show that each component is again double, 
$0 that we have a quadruple system. Castor, the sfcnior though 
fainter member of the Heavenly Twins, is a six-fold system made 
up of four bright components and two dim stars. 

Only a few of the most interesting objects in the stellar heavens 
have been mentioned here. There is endless variety among the 
stars, and it is clear that we have learned much since the new 
science of astrophysics came into Its own less than a centnry ago. 
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THE HYADES, whick appear as a V-shape 
of relatively faint stars near the hrilUant red 
Aidebaran, in Taurus {the Bull) 


LOOK UP ATTHE SKY OH a dear night, and you may think that 
you will see millions of stars* This is not the case. At any one 
moment, nobody can see more than a few thousands of stars with¬ 
out using optical aid. However, the actual number of stars in our 
Galaxy really docs amount to millions; indeed, the best modern 
estimate gives a grand total of loo thousand million. 

Some of these stars are collected together in open or galactic 
clusters^ of which the best examples arc the Pleiades or Seven 
Sisters, round the 3rd-magnitude star Alcyone in Taurus, and 
the Hyades, round Aldebaran—also in Taurus, Another interest¬ 
ing cluster visible to the naked eye is Pr^sepe in Cancer, nick¬ 
named the ‘Beehive', while southern observers have the ‘Jewel 
Box’ in the Southern Cross, 



THE PLEIADES Of 'Seven Sisters^* All the 
stars named are visible with the naked eye on d 
clear night. The brightest of them, A Icy one ^ is 
of the magnitude 


SPIRAL GALAXY N,G,C, 284 1 , IN 
URSA MAJOR, The Spiral form is well 
shown. Like most external galaxies^ (he 
object is not well seen with a small or 
moderate telescope^ and photography with 
very large instruments is needed to bring out 
the details properly. This picture was taken 
with the soo^inch Hale reflector at Palomar 
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SPIRAl. GALAXY MESSIER 64 (n*G*C, 4826) IN COMA BERENICES, 

as photographed with the So^inch reflector at Mount Wilson 
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There are also the nebulae^ which are less conspicuous. The first 
mention of them goes back to the tenth century, when Al-Sufi 
recorded the Great Spiral in Andromeda, though to him it 
appeared only as a faint misty patch. The Orion Nebula was 
mentioned in 1612 by Peiresc, and the work of Messier, Herschel 
and others led to the detection of large numbers of nebulse of all 
kinds. Hcrschcl, as we have seen, regarded some of them as ^starry* 
and others as non-stcllar. In 1791, writing about the Orion 
Nebula, he stated: "Our judgment, I venture to say, will be that the 
nebulosity around the star is not of a starry nature/ 

Once again the decisive experiment had to wait until the 
development of the spectroscope. It was made on August 29, 1864, 
by Sir William Huggins, 

A star yields a spectrum with a rainbow background and dark 
absorption lines. If therefore a nebula is made up of stars, the 
result will be a jumble of all the separate star-spectra together, and 
the main absorption lines should be made out. If a nebula is made 
up of gas, it will give an emission spectrum consisting of isolated 
bright lines. 

Huggins turned his spectroscope towards an "irresolvable' 
nebula in Draco. At once he saw bright emission lines, but no 
rainbow background. Herschel had been right; the nebula was 
gaseous, and was not made up of stars. 

Objects of this sort are known as gaseous or galactic mbuU. 


NOG 205, companion of the Andromeda 
jVebula, photographed in red light with the 
j^-inch Hale reflector at Palomar 


MESSIER 16: NEBULA IN SCUTUM 
SOBIESKI, photographed in red Light with 
the 200-inch Hale reflector at Palomar 
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THE DUMB-BELL NEBULA IN VUL- 
PECULA, a famous planetary^ photo* 
graphed at the Lick Obsermtory 


PLANETARY NEBULA N*G*C, 7293 
IN AquARiuSj photographed in red light 
with the 200*irich Hale rRector at Falomar 


The Sword of Orion is the best known of them; it surrounds a 
famous muUipIc star, Theta Orionis (known as the Trapezium, 
because of the arrangement of its four main components), and is 
of tremendous extent. A ray of light would take twenty years to 
cross it from one side to the other. It is in nebulie of this sort that, 
according to modern theory, fresh stars are being created out of 
the dust and gas* 

Herschel also noted various different objects which he christened 
planetary nebulfs^ because they showed planet-like disks* The 
brightest of them, the Ring Nebula, is conveniently placed 
between the famous eclipsing binary Beta Lyrse and its neighbor 
Gamma, and is easy to see in a moderate telescope* Actually a 
planetary nebula is neither a planet nor a nebula. It consists of a 
faint central star, possibly not unlike a White Dwarf, surrounded 
by a tremendous, expanding shell of gas. Some authorities believe 
that a planetary nebula represents the final stage of a nova or 
supernova, but of this there is no proof* The gas is very rarefied; 
if we could take a cupful of air and spread it around a vast en¬ 
closure 5 miles in diameter, the resulting density would be about 
the same as that of a planetary nebula. 

All Herschel's most important work was concerned with the 
distribution of stars in our Galaxy* He believed the system to be 
shaped like a double-convex lens* with the Sun near the middle. 
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MESSIER 13, THE GLOBULAR 
CLUSTER IN HERCULES, photographed 
with the 60-inch refiector at Mount Wilson. 
The first photograph was given an exposure 
of i§ minutes; the second^ sy; the third, g4. 
The increase in the number of stars shown 
with increasing exposure is very obvious. In 
this respect the photographic plate is far 
superior to the eye; the longer the exposure, the 
more it records 


THE OWL NEBULA, Mcssier gy in Ursa 
Major. Another planetary, photographed 
with the 60-inch refiector at Mount Wilson 


and at the time his idea seemed perfectly reasonable. It was not 
until well into the twentieth century that a more accurate picture 
was given by the American astronomer Harlow Shapley. 

Shapley—who is still alive and active—^was born at Nashville^ 
in Missouri, in 1885, After completing his university education 
he worked at Princeton Observatory under H. N. Russell, of 
Russell Diagram fame. In 1914 he moved to Mount Wilson, and 
stayed there until 1921, when he was appointed Director of 
Harvard College Observatory. He continued to work as hard as 
ever even after he officially retired. 

While at Mount Wilson, Shapley used the 60-inch reflector 
there to study the objects known as globular clusters. These are 
immense 'balls* of stars, comparatively crowded towards the centre 
of the clusters, and are magnificent in large instruments. About 
100 of them are known. Messier 13, in Hercules, is visible to the 
naked eye, and is a familiar sight to European astronomers, but the 
brightest globular clusters—Omega Centauri and 47 Tucanse—lie 
too far south to be seen from our latitudes, 

Shapley knew that the globulars are very distant, and seem to 
form a kind of 'outer framework’ to the Galaxy. They were so 
remote that they showed no measurable parallaxes, and Shapley 
turned to less direct methods. Moreover he saw that most of the 
globulars were in the southern sky, particularly in the region of 
the constellations Scorpio and Sagittarius, Such a Mop-sided* 
distribution could hardly be due to chance. 

The essential clue was found when Shapley detected RR Lyrse 









THE GLOBULAR CLUSTER OMEGA 
CENTAUR I, photographed at Roj^ai Obser- 
vaiojy. Cape, with the 24~im:h Victoria tele¬ 
scope on February ig, igog {exposure go 
minutes ). This is the brightest globular cluster 
in the sky but unfortunately it lies too far 
south in the sky to be seen from Europe or the 
northern United States 



GALAXY N*c.c. 4565, a system seen 
almost ''edge-on^ to us 


variables inside the globular clusters. It was known that these 
stars obeyed a period-luminosity law, and that each was about 
ninety times as luminous as the Sun. Once RR Lyrse variables 
had been found, then, their distances could be worked out—and 
hence, the distances of the globulars in which they lay. 

Shapley’s results gave astronomers something of a shock. By 
studying the globulars and measuring their distances it has been 
shown that the Galaxy has a diameter of about ioo,ooo light-years, 
with a greatest width of about 20,000 light-years. The Sun lies 
well away from the middle, and is in fact about 25,000 light-years 
from the galactic nucleus^ which at once explains the lop-sided 
distribution of the globular clusters* The galactic nucleus lies in 
the direction of the glorious rich star-clouds in Sagittarius, 

Unfortunately we cannot see right ‘through’ the nucleus, or even 
to the galactic centre. There is a great deal of obscuring material in 
the way, and light-waves cannot penetrate it. Radio waves can do 
so- but when Shapley announced his results, soon after the end of 
the First World War, radio astronomy still lay in the future. 

Following on from this research, it was found that the whole 
Galaxy is rotating. The Sun is moving round the nucleus, taking 
over 225,000,000 years to complete one journey* This period is 
sometimes termed the cosmic year. One cosmic year ago, the most 
advanced life-forms on Earth were amphibians; the Coal Mea¬ 
sures were being laid down, and mammals had not yet appeared. 
Two cosmic years ago, the only life on Earth consisted of tiny 
creatures in the oceans. It is interesting to speculate as to what 
‘meri^ will be like in one cosmic year from now^—if, indeed, men 
still exist. 

Now let us go back to Hcrschefs second guess: that the starry or 
resolvable nebulae were ‘island universes’, far beyond the boun¬ 
daries of our own system. 

The clusters, as well as the gaseous nebulae such as the Sword of 
Orion and all the stars visible to the naked eye, were known to be 
members of our Galaxy, but it was difficult to be so sure about the 
spirals and other objects of similar type. Were they, too, members 
of one large system—or were they not? The only way to decide was 
to measure the distance of at least one of them, and the most 
promising was undoubtedly the Great Spiral in Andromeda, 
Messier 31. Since it was bright enough to be seen without a tele¬ 
scope, it was likely to be nearer than the rest* 

The matter was settled in 1923 by Edwin P* Hubble, who had 
been assistant at Yerkes Observatory from 1914 to 1917, and had 
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DIAGRAM OF THE GALAXY AS IT 
WOULD BE SEEN EDGE-ON* The 

galactic centre lies about 2^,000 light-years 
away from us. The Sun is therefore well 
out toward the edge of the system, and is 
not near the centre, as Herschel believed. 
When we look along the main plane^ many 
stars are seen in approximately the same 
direction, and this causes the Aliiky Way 
effect 


then moved to Mount Wilson, Using the 100-inch Hooker re- 
flcctorj much the most powerful telescope in the world at that 
time, he searched for Cepheid variables inside the Andromeda 
Spiral, and finally he found them. He identified half a dozen, and 
worked out their distances. The result was conclusive. The 
Cepheids, and hence the Spiral, were hundreds of thousands of 
light-years away, and so the Spiral was in fact a separate system, 
containing stars, clusters, gaseous nebulas and other features 
known in our Galaxy. 

A new system of naming came into force. The term ^nebular’ 


THE ‘SATURN GALAXY’ N.G.0,4594, 
photographed with the 60-inch reflector at 
Mount Wilson, The nickname is due to a 
superfcial resemblance to Saturn and its 
system of rings 




MESSIER 87,3 globular galaxy in Virgo, 
photographed with the 2Q0-inch Hale re- 
Jiector at Palomar 


was confined to the gaseous objects in our stellar system, while the 
spirals and other resolvable objects became known simply as 
‘galaxies’. 

Originally, Hubble estimated the distance of the Andromeda 
Galaxy as 750,000 light-years. He later increased this to 900,000 
light-years, but in September 1952 astronomers had yet another 
shock. W, Baade, using the 200-inch Palomar reflector, announced 
that there had been a mistake in the Cepheid scale, and that all 
the galaxies were at least twice as remote as had been thought. 
The distance of the Andromeda Spiral was not 900,000 light-years, 
but about two million. This meant that it was a system even larger 
than the Galaxy in which we live. 

Years before, Baade himself had pointed out that there seem to 
be two kinds of‘star populations’. The brightest stars of Population 
I arc very luminous, and are of spectral types O and B; in these 
regions there is considerable dust and gas spread through space. 
With Population II the brightest stars are red supergiants, and 
there is almost no interstellar material. Globular clusters and the 
centres of galaxies are mainly Population II, while the spiral arms 
of galaxies are mainly Population 1 , 

When mapping the Galaxy, Shapley had used RR Lyrae stars, 
not ‘classical’ Cepheids; and his results were correct, since his 
estimates of the luminosities of RR Lyrae stars were valid. What 
neither he nor anyone else had realized was that there arc two 
types of short-period variables; those of Population I (including 
RR Lyrae stars) and those of Population H (including the classical 
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STELLAR POPULATIONS I AND II. 
The Andromeda Galaxy^ photographed in 
blue lights shows giant and supergiant stars as 
Population 1 in the spiral arms. The hazy 
patch at the upper left is composed of un¬ 
resolved Population 11 stars. 20^^ 

companion of the Andromeda Galaxy^ photo^ 
graphed in yellow lights shows stars of Popu¬ 
lation II; the brightest stars are reddish^ and 
only ifioo as bright as the blue giants of 
Population L The very bright., uniformly 
distributed stars in both pictures are fore¬ 
ground stars belonging to our own Galaxy. 
Photographed with the 200-inch Hale reflector 
at Palomar 


NUCLEUS OF THE ANDROMEDA 
GALAXYj showing Population II stars 
resolved. Photographed with the 200-inch 
Hale reflector at Palomar 



4 * 


Cepheids), and there is a great difference between them. A 
Population 1 variable is much more luminous than a Population II 
variable of the same period. 

The Cepheids used by Hubble to measure the distance of the 
Andromeda Spiral were of Type I, but the distances had been 
worked out on the assumption that they were of Type 11 . There¬ 
fore since the Cepheids were more luminous than had been 
thought, they must also be more remote; and this led to a 








complete revision of our ideas of the scale of the universe. It also 
explained why RR Lyrse stars did not appear in the Andromeda 
Spiral, Undoubtedly they existed there, but they arc less powerful 
than the classical Cepheids, and were too faint to be seen even with 
the Palomar reflector. 

Not all the outer galaxies are spiral, and in fact spirals seem to be 
in the minority. Some, such as the two Nubccular or Magellanic 
Clouds, arc more or less irregular (though it has been suggested 
that there arc vague indications ofspiral structure). The Nubeculae, 
are too far south to be seen from Europe, or the Northern United 
States, and are the closest of our neighbor systems. They lie about 
150,000 light-years from us. They seem to be 'satellites’ of our 
Galaxy, and are magnificent objects, very conspicuous to the 
naked eye. The Large Cloud (Nubecula Major) is particularly 
splendid, and contains stars of high luminosity. One of them, 
S Doradus, is thought to be about a million times as powerful as 
the Sun—and yet from Earth it cannot be seen at all without 
optical aid. 

We also meet with elliptical galaxies, w^hich look at first sight 
not unlike globular clusters, though they are of course entirely 
different in nature. Then there are the extraordinary barred 
spirals, as well as the spectacular 'Catherine wheels’ such as Messier 
51 in Canes Venalici (the Hunting Dogs). The only way to study 
these various objects properly is to take photographs of them 
with large telescopes, and it is true to say that even the Andromeda 
Galaxy is rather disappointing when observed with a modest 
instrument; it looks like nothing more than a fuzzy patch. How¬ 
ever, pictures taken with the great reflectors show the galaxies in 
all their glory. 



THE WHIRLPOOL GALAXY, MsssuT in Canes 
Venatki, photographed by Ritchey with the 60-inch 
reflector at Aiount Wilson 



THE NUBECULA DR MAGELLANIC 

CLOUDS. The Large Cloud is to the rights 
the Small Cloud upper lejl. The globular 
cluster in Tucana is also shown (lower left) 



THE NUBECULA MINOR, Or Small 
Magellanic Cloud 



THE NUBECULA MAJOR, or Large 
Magellanic Cloud 




200 the galaxies 



Another important discovery was that the galaxies tend to 
collect in clusters. Among the members of our local cluster are the 
Galaxy in which we live, the NubcculEc, the Andromeda Spiral 
the fainter spiral in Triangulumj and more than a dozen other 
systems. Beyond, we have to travel an immense distance before 
we come to the next group of galaxies. 

Since the members of the local group are comparatively near 
on the cosmical scale, the Cepheids in them show up plainly. As 
we probe farther and farther into space, the Cepheids merge into 
the general background blur, but supergiants are still visible, and 
by taking an average luminosity for a supergiant star we can 
estimate the distances of galaxies as far out as 20 to 25 million 
light-years. 

In the constellation of Virgo lies a whole group of galaxies 
known as the Virgo Cluster (not really a happy term, since a 
cluster of galaxies is in no way related to a star-cluster such as 
the Pleiades or the Hercules globular). By observing the super- 
giants in the Virgo galaxies, we can work out the distances of 
the galaxies themselves and decide how large they are. From 
this,it is possible to estimate the average size of galaxies of different 
kinds. Beyond about 25 million light-years we lose even the 
supergiants, but if we know the shape of a more remote galaxy 
we can get some idea of its distance—though probably not with 
much accuracy. The most distant galaxy yet studied optically, 
30-295 in Bootes, is about 5,000 million light-years away. 

Five thousand million light-years! We are indeed looking 
through both space and time. When we study the Bootes galaxy, 
we are seeing it not as it is now, but as it used to be 5,000 million 
years ago, long before life on Earth began. 

On a photograph these remote galaxies appear as tiny, blurred 
patches, and it is difficult to realize that each is a tremendous 
system containing at least 100 thousand million stars, many of 


SPIRAL GALAXY IN LEO, N.G*C* 

pkotographed with the 200-inch Hale 
reJliCtoT at Palomar 



CLUSTER OF GALAXIES IN COMA 
BERENICES, photographed with the 200~ 
inch Hale reflector at Palomar. The dm ter 
is about 40^000^000 lighUyears away 


THE VEIL NEBULA IN GYGNUS, The 
colors radiated by these filaments of gas result 
from their motion through space. Ejectedfrom 
an exploding star more than jOjOOOyears ago 
with an initial velocity of nearly j,ooo rnUes 
per second^ the clouds of gas have now been 
slowed to a speed of about yy miles per 
second by constant collisions with atoms in 
interstellar space. The force of these collisions 
ionizes the gas and causes it to glow with the 
characteristic colors shown here. Clouds 
ejected in the opposite direction at the time of 
the explosion are now ySo trillion miles from 
this portion of the nebula. Due to the steady 
decline in velocity caused by these collisions^ 
the nebula will cease to glow in another 
2y,ooo years. The light captured by the 
telescope to make this picture left the nebula 
about 2iyooyears ago. Photographed with the 
4B-inch Schmidt camera at Palomar 





THE MOST REMOTE GALAXIES SO FAR MEASURED 3C-295 IN BOOTES. Tkcse objects^ with the greatest distance yet 
determined (June sg6o) comprise the cluster of faint galaxies shown in the central area of the print below ^ The small^ ha^ s^ts 
are the galaxies; the sharp round dots are stars in our own Galapgf. First detected by large radio telescopes aj a source of radio 
noise ^ this distant cluster of galaxies was identified by a photograph taken with the 200-inch Hale telescope at Palomar on a red- 
sensitive plate exposed for go minutes through a red filter. The brightest object in the cluster^ indicated by the marker, is believed to 
be two galaxies in collision. The unusual amount of energy released by this collision creates the radio noise^ and causes certain 
spectral lines to appear in emission rather than the usual absorption. One such line is shown in the spectrum, just to the left of the 
strong line due to light from the night sl^. The marked line is due to oxygen; its normal wavelength is 3,72^ AngsiromSf but due 
to the red shift resulting from the recession of these galaxies it has been displaced by 1,^21 Angstroms, and appears at 3, 
Angstroms. The spectrum was photographed by a very fast spectrograph. The long Lines and bands in the spectrum are due to the 
night sky; only the single, small line below the marker originates in the galaxy 
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VARIOUS TYPES OF GALAXIES; ellip¬ 
tical and irregular. Photographed with the 
€o-inch reflector at Mount Wilson 



VARIOUS TYPES OF GALAXIES: Spiral 

and barred spiral. Photographed with the 60- 
inch reflector at Mount Wilson 


them much more brilliant than the Sun. Such a conception would 
have been regarded as absurd even sixty years ago, but we know 
it to be true. 

Our Galaxy appears to be a fairly typical system. The Andro¬ 
meda Spiral is admittedly rather bigger, but it too contains all the 
familiar features, including globular clusters and even satellite 
galaxies which appear to be of much the same size asour NubeculBe. 
This must also apply to many of the rest, even though only a few 
are close enough to be studied in any detail. 

Many problems remain to be solved. For instance, we have as 
yet no idea why some of the galaxies are spiral, and only recently 
has it been proved that the rotation is with the spiral arms trailing. 
Neither do we know for certain whether an elliptical galaxy turns 
into a spiral, or vice versa; and we cannot be sure whether all 
galaxies go through a spiral stage during their evolution. 

It is significant that elliptical galaxies are mainly Population II, 
Most of the interstellar material has presumably been used up, 
and the hot early-type supergiants have disappeared, to be 
replaced by vast red stars which are more advanced in their 
careers. It is tempting to suggest, then, that spirals are at an earlier 
stage than ellipticals. According to one theory a galaxy begins as an 
irregular, turns into a spiral because of its rotation, and becomes 
elliptical as its rotation slows down, ending up as a spherical 
system. It has also been suggested that the key to the problem is 
the original rate of spin, so that quick-spinners will become spiral 
and siow-spinners elliptical. At the moment we have no definite 
answer, and our ideas are changing all the time. 

Meanwhile, there is another point to be considered^—the move¬ 
ments of the galaxies. Proper motions are too small to be measured, 
but radial velocities are not, and in 1920 V. M. Slipher, working 
at the observatory which had been founded in Arizona by Percival 
Lowell, made yet another remarkable discovery. Apart from the 
Andromeda Spiral and a few others which we now know to be 
members of our local group, all the galaxies showed Doppler 
shifts to the red end of the spectrum. This meant that all were 
receding from us. 

The discovery was a complete puzzle at the time, because it was 
still not certain whether or not the galaxies were true external 
systems. When Hubble made his classic observations of Cepheids 
in the Andromeda Spiral, the situation became even stranger. If 
the red shifts were to be believed, all the galaxies beyond the local 
group were running away; and the more remote they were, the 
faster they seemed to go. 

Using the 100-inch Hooker reflector, Hubble and his colleague 
Milton Humason probed to 700 million light-years, which was 
the distance of a cluster of galaxies in Ursa Major, The speed of 
recession turned out to be 26,000 miles per second. After the 
Second World War, the Palomar telescope came into use. With its 
superior light-grasp it could reach out still farther, and the red 
shifts showed that the faint galaxy 3C-295 is racing away at 
90,000 miles per second. 

It seems unbelievable. If you listen to a grandfather clock which 
ticks once per second, it is hard to realize that between each pair of 
ticks the Bootes galaxy recedes another 90,000 miles. Yet all the 




THE NORTH AMERICA NEBULA IN CY N VS * Sq ^oUtd 
brcamt iVj shape is slighily reminiscent of Ji^orih Amerim^ (hh 
vast mnss gfis shines ihe same merhnftism of Jluorescence 
which causes ihe in neon signs ia shines nltra-vioki light is 
absarhed by the if gas, md (he energy is re-rodialed in 

visihh inkrs^ The M^irrth America ,hi'ehnla appears (a he red, due 
(a the fiitering action qf intervening materiat in space which 
remoL'es ihe other colors radiated by (he gas. 7 he relatively dark 
areas in it are cansed an intervening daud of opaque dust 
which cuts aul the light af the tsehnla as well as harkgroufidstars. 
Photographed with the j^-inch Schmidt camera at Painmat 


the ring nerula in LYRA, MF-SSIF-R Thefamous k 
planetary; a familiar object to most amateur astronamers^ since w 
it can be jwn with relatively smalt telescopes. Even in large 
insirumenls^ however^ ii appears as an almost Colorless ring, due 
to the mability of the eye io distinguish colors at law light l^ls. 
Only high-speed color ftlm^ exposed in powerful tcUscopes^ can 
record these delicate hues^ The blue star at the centre of the ring 
is the source of powerful ultra-violet iighl, which causes the gas 
in the ring rii radiate by Jtuorescence. Hydrogen, nitrogen and 
orygen are the major constituent gs^s in such nebuhr^ Pholo^ 
graphed mth the soo-inch Hale tejlcclor at Palomar 





HUBBLE t CLASSIFTCATlOlf OF THE 
OALAxrEs; tliipikaii {Ea lo Ej), ipiraii 
{Sa, iSfij Sc)^ and bmred spirals {SBaf 
SBc) 


evidence joints the same way. Unless there is a major mJstakep and 
ihe red shifts are not Doppler effects at all, the estimated velocities 
must be at least of the right order. 

There is no suggestion that our Galaxy is in any way a special 
case. The spectroscopic measures show that each cluster of galaxies 
is receding from each other cluster^ so that the whole universe is 
expanding. 

Light moves at 186,000 miles per second, and therefore the 
galaxy is speeding away at almost half of optic velocity* 
Very recent work indicates that we may have probed even farther^ 
and photographed galaxies which have a motion of reccs$ion 
greater than this. There must be a limit; if the $pccd3 continue to 
grow with increasing distahee, there will come a time when we 
come to galaxies which are moving away at the full te6,ooo miles 
per second. This rai$c$ even more difTiciilties, but at least we can 
be sure that a galaxy moving away from us at the speed of hght 
would not be visible at all. Its light would never reach us* and it 
would have passed over the boundary of the observable univerae. 

No telescope in the world is capable of photographing galaxies 
much beyond 5,000 million light-years; even the Russian 236-inch 
reflector now under construction will be inadequate, though of 
course it will add greatly to our kitowlcdgCH Yet once again we 
have a new development which may help us to solve at least some 
of the outstanding problems. This is radio astronomy, which 
began only in the i930*s but w^hich has already more than proved 
its worth. 


CLUSTER OF OALAXIES IN HYSiRA.^ photO^apM 
mth iht :io&-inch Maig njkcior at Palomar. Fare^raund 
stars a/&ur frwn Gaia:^ are showtl^ bat mar^ t>f the hiumd 
patches are dm ta remote external galaxies, each of which is 
com/wsed of perhaps ioo^ooo mUika suns 
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A VAGI ARRAY^ simpUsifom pf radio 

i^escope 


THE ELECTftOMAONETlC SPECTRUM* 

Tfu c€n(ral sirip is the ^optisal winduw't 
indkatirtg j^isibU light; it is dtar that Wi ton 
*sei' onfy fi small part ^ tht tatai 
flettramagmtiE spectrum. The Earth's atmos¬ 
phere will p^s oFi/jy light {the optical 

window) and ihi radiation in the yadio 
window"^ This is one reason why Tesearch 
with high-altitude intrumenied rockets and 
space-prohes is so important 


THE COEOR OF LIGHT dcpcnds OH its wavclcngUi. As wc have 
seen, red light has a loriger wavelength than blue or violet* The 
unit of length h the Angstrom, named in honor of the Swedish 
physicist Anders Angstromi. who was born in 1814 and died in 
j&7^, and who followed up the work of Kirchhoffj carrying out 
many valuable experiments^ One Angstrom unit is equal to one 
hundred-millionth of a centimetre. Red light has a wavelength of 
about 7600 A; violet light, about 4000 A. 

Now suppose that we have radiation whose wavelength is longer 
than 7600 A? It will not affect our cyeSj and so we will not be able 
to see it, but it will be measurable in other ways. Most people are 
familiar with the lamps used in hospitals. The radiation emitted 
by these lamps is infra-red^ and is simply too "long^ to be seen 
visually. Similarly, short waves below 40CO A, the uUra-mdet, are 
invisible lo us. 

It is rather surprising to find that the range of visible light, from 
76CSO to 4000 A, is only a very small part of the electromagnetk 
spe^insm, ^yond the ultra-violel, we have the invisible X-rays and 
gamma-rays [ beyond the infra-red, we have radio waves. 

To make matters worse, there are layers in the upper part of the 
Earth's atmosphere which block out most of the electromagnelie 
spectrum. Consequently much of the radiation coming from 
space does not reach us at all, but is stopped by the atmosphere. 
We have the so-called optical windaWt which includes the visible 
light from red to violet^ and some distance into the infra-red and 
ultra-violet; wc have the radio window^ which allow'd some of the 
much longer waves to pass through. Otherwise, we can record 
nothing—so long as wt stay on the surface of the Earthy To study 
the rest of the radiations, wc must send our instruments up above 
the troublesome absorbing layers* Modern rockets are able to do 
this without the slightest difficulty, but the situation was very 
different in the year 1931* when a young research worker named 
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THE 250-FQOT RADIO TELEHGdFE OF T HE U HI VERBITY OF MANCHESTER, 

whkh was {ipefltd al Jodreii Bank^ in Cheshirt^ In 7957, It is ths largest "dish^~fype radw 
ieUscopt^ in ihe world, and is d^sigmd fas nutamatis jMlounng of celestial abjtcts across the 
sky. it is piadfif qf steely and weighs JSyOOO ions 
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Above left 

RADIO TELESCOPE AT AHCETRl. 
Om qf Ihe IkiUm radio ki^scopfSj at Aratti 
Obs^morj Florae, It is mtmly 
different in type frofn th^ *dish' iniirummt 
such as ihf :^^o-foot paraholoid at JadrcU 
Bank. Photograph Colin Romm^ s^l 

Above right 

TOTAL ECLIPSE OF THE SUN, O^tobcT 

2, photographed from a McDonnell 

F.sosB aircrafi ail an altitnde of 

^^,Qoo feet. Radio nstronotmrs are parti- 
cuiarty intercsttd in solar edtpses 



BOLAR RECORDINriRADlQTELESCOPE 
Ft TF* Hydf^s prii^to radio astronomy oh- 
smatory at Clacton^ Essex. Photograph by 
Fatfick Moore^ June rg6t 


Karl Jansky made a discovery which ranked among the most 
important of the twentieth centuryi 

Karl Guthe Jansky was bom in Oklahoma^ in the United States^ 
in 1905* His father was of Czech descent^ but had settled perman* 
ently in America and had become a Professor in the University 
of Wisconsin* Karl Jansky took his degree in physics at the same 
University, and then joined the BcJl Telephone Laboratories. His 
main work was to carry out research into problems of $hort-wave 
radio communication^ and he was particularly concerned with 
‘statieV. Static^ know^n commonly though not scientilicaily as 
'hissing and crackling', Is the radio operator's worst enemy, and 
the Bell authorities wanted to fmd out as much about it as they 
eould^ 

Jansky set up a strange conlraption on a farm at Holmdel, New^ 
Jersey* It was an cicperimental radio aerial^ looking somewiiai Jike 
the skeleton of an aircraft wing, and it was driven round by 
means of a motor* The wheels were taken from a dismantled 
Ford car. Jansky's 'merry'go-round', as it was nicknamed, was 
designed to investigate static, but it achieved something much 
greater than anyone could have hoped. 

There was plenty of static. There was radio noise due to near-by 
thunderstorm aedvity, and more noise due to more distant storms 
over too miles off. There was also a third noise; a vtry weak, 
steady hiss in the receiver. The source of this noise remained a 
puzzle for some time. It was not close at hand, and it seemed to 
come from a definite point in the sky. The source-point moved 
from day to day, and eventually Jajisky found the answ^er^ The 
hiss came from the Milky Way; more accurately, from that part 
of the Milky Way which lies in the constelladon Sagittarius. 

Let us go back for a moment to the shape of the Galaxy. We 








KARL JANSKY^S *MERRy-GO- 

round'j the Jirst true radio Ukscope. It 
was with this equipment that Jansky Jirst 
detected radio emission from space, and so 
founded the science of radio astronomy 



STAR-FIELDS IN THE MILKY WAY, 
photographed at Mount Wilson 


know that the Sun is some 25,000 light-years from the centre, and 
that the nucleus of the Galaxy lies in the direction of the Sagit¬ 
tarius star-clouds, Thisj too, was the position of Jansky’s radio 
source. Could it be that the long-wave radiation picked up by the 
‘merry-go-round’ was coming from the very centre of the Galaxy? 

Jansky believed so, and he published his results. Technical 
journals referred to them, and on May 5, 1933, when the news 
was released, some of the American daily papers carried headlines 
about it. It is very curious, then, that little attempt was made to 
follow the matter up. It is even stranger that Jansky himself did 
almost no further research in radio astronomy, the science which 
he had created. He published a few more results in 1937, but after 
that he abandoned the problem altogether. He died in 1949, 

One point must be made clear at once. Sound-waves are carried 
by air. There is no air above a height of a couple of thousand miles 
above the Earth at most, and so no sound-waves can cross space, 
Jansky’s radio hiss was produced inside the instrument itself, and 
was merely a means of recording the long-wavelength radiations. 
This also applies to modem radio telescopes of all kinds. We can¬ 
not ‘hear’ noise from space, but merely pick up the radiation 
and then convert it into a hiss, (In these days, better recording 
methods arc available for most purposes,) 

Professional astronomers of the time were uninterested, and 
Jansky’s pioneer work was almost ignored. Fortunately it was 
followed up by a brilliant amateur, Grote Reber, who was by 
profession an electrical engineer. He had been born in Chicago in 
1911, and even when still a boy had built powerful transmitters 
with which he communicated with other radio enthusiasts all over 
the world. 

In 1937 Reber turned his attention to the problems of what he 
called ‘cosmic static’, and he built the first modern-type radio 
telescope. It consisted of a ‘dish’ or parabolic metal mirror, 
31 feet 5 inches in diameter, operating on a wavelength of about 
2 metres. The mirror focused radio waves just as the mirror of an 
ordinary telescope focuses light waves, but of course no visible 
image was produced. One does not ‘look through’ a radio 
telescope, 

Reber confirmed Jansky’s discovery of radio waves from the 
Sagittarius star-clouds. He also found other sources in Cygnus, 
Cassiopeia, Canis Major and Argo, What did surprise him was 


the story of radio astronomy 211 



I 7-F00T "dish’-type radio tele- 

SCOPE IN AUSTRALIA, It operates at a 
wavelength of 1 to 2 metres 



PULKOVO RADIO TELESCOPE- Om 
of the Russian radio telescopes at Pulkovo 
Observatory^ Leningrad. Its main feature is a 
^rair aerial of go separate sheets; it has high 
resolution, and works at a wavelength of 2 to 
Photograph by Patrick Moore^ ig6o 


that these sources did not agree with the positions of visible stars- 
For instance, no radio waves could be detected from Sirius, Vega 
or other brilliant objects; yet a part of the sky in Cassiopeia, 
unmarked by any bright star, seemed to send out strong radio 
waves. 

Reber published some of his findings during the years between 
1940 and 1945, when the war was going on. Later he set up some 
equipment on Haleakala, an extinct volcano in the Hawaiian 
Islands, to study radiation of even longer wavelength, and in 1954 
he went to Australia to continue his researches* Modern radio 
telescopes make his original 3i|-foot 'dish' look very small, but 
there can be no doubt that the greatest pioneer of radio astronomy 
was Grote Reber, 

One of Reber's early ideas was to bounce energy waves off the 
Moon and record the 'echoes’. He was not successful at the time, 
but radar developments during the war paved the way for specta¬ 
cular advances in true radio astronomy* 

If you go into a darkened room and shine a torch on to the far 
wall, you will see the wall, because it reflects the light back to your 
eye: There is some comparison^—though not an accurate one— 
with the way in which a tennis-ball rebounds from a wall and so 
may be caught. If then we send out a radio 'pulse’, it ought to be 
possible to record the 'echo’ as the pulse hits a solid object and is 
reflected back to the transmitter* 

This is the principle of radar, originally known as radiolocation. 
The method was developed during the Second World War, mainly 
by British scientists* It allowed the various ground forces to 
detect enemy aircraft, and to give the range and direction of 
attacking machines; it also led to various new instruments used in 
navigation. 

To give further details about radar would be beyond the scope 
of the present book; suffice to say that it was discussed by R, A. 
Watson Watt as long ago as 1935, so that it is almost as old as 
radio astronomy itself. Meanwhile, radar echoes have indeed been 
received from various celestial bodies. The Moon echoes were 
first recorded in 1946 by the Hungarian scientist Z* Bay, and 
since then many experiments have been carried out in Britain, 
Australia, the United States and Russia, Radar echoes have also 
been received from Venus, In addition, meteors may be studied by 
radar, since the trail left by a meteor as it plunges through the 
atmosphere acts, frorn the 'echo’ point of view, rather in the 
manner of a solid body—though of course, it lasts for only a 
second or two* One interesting discovery has been that many 
meteor showers occur in the daytime. Such meteors cannot be 
seen (unless they are exceptionally brilliant), but radar is un¬ 
affected by the lightness of the sky and is equally unaffected by 
cloud* In consequence, radar has largely superseded the old 
methods of visual meteor-watching. 

Radar development was in full swing during the year 1942, 
when the war was at its height. British anti-aircraft gunners were 
using radar to detect approaching German machines, but it was 
found that some mysterious 'jamming* was periodically upsetting 
all the equipment. It was suggested that the Nazis might have 
invented some means of putting the radar out of action, and a 



THE j ODtiE£.L BANK aAPI o TELESCOPE, mfwedfrom c&ntrol d^sk^ As mil 
Tecurdirtg radio waves from spaee^ the teleswpe has &«n used ta track the tJarp^atJ art^ial 
sateiiiks and spaee-prahes lamthed since l^j 












THE SATELLITE TRAGKIWO S-TATION 
AT 2 VEW 1 GOROD, U*S,fi,R, THis 

siaiion, ntar Mq^coWj is tised hy Soviet 
sciendsis for opikal tracking of bffth Russian 
and Amrrican sfmf vehicles. Photograph 
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research team under J* S. Hey undertook to find out what was 
happening* 

It did not take Hey and his colleagues long to find out the 
source of the jamming. It did not come from a German trans¬ 
mitter; it came from the Sun, 

Years earlier Karl Jansky had looked for radio noise from the 
Suuj and had failed to find it. This was not Janskyfault. His 
work had been done near the time of a sunspot minimum, when the 
Sun was at its least active. In the early ig4o’s, when Hey in¬ 
vestigated the matter again, there were more frequent large sun¬ 
spots, and these produced bursts of radio noise. Most powerful of 
all were the flares, short-lived phenomena at a higher level than 
the spots. 

When Hey first made his discovery, it came under the heading 
of a military secret* Other nations on both sides were busy 
working at radar development, and very little more research in 
pure radio astronomy could be done until the war was over. 
As soon as possible after the end of fighting, scientists turned back 
to the radio investigation of the universe. By now it was clear that 
the new methods could add tremendously to our knowledge, and 
the importance of th'e pioneer work of Jansky and Reber was at 
last realized. 

An American, George Ellery Hale, was mainly responsible for 
the world’s greatest optical telescopes, including the Palomar 
2oo-inch, In radio astronomy, Hale's role has been played by a 
Briton—Professor Sir Bernard Lovell, one of the radar pioneers. 
Just as Hale planned instruments of greater size and power than 
any built in earlier years, so did LovelL The aim this time was a 
giant radio telescope with a 'dish' 250 feet in diameter* 

Lovell had to face immense difficulties. There were the usual 
money troubles; Britain, after all, had been financially crippled 
by the war. Moreover, radio astronomy was still a relatively new 
science, and the projected 250-feet telescope presented all manner 
of design problems. By his personal enthusiasm and technical skill, 
and helped by a brilliant research team including R, Hanbury 
Brown, another of the radar pioneers, Lovell overcame the 
difficulties one by one. The 250-feet 'dish' was built, and set up at 
the Jodrell Bank Research Station near Manchester, 

I remember going to Jodrell Bank when the construction had 
barely commenced. Even then it was impressive; there was a vast 
circular track, and complex equipment of all kinds* Now that the 
telescope is complete, it is more impressive still, and there is 
nothing else in the world to compare with it. Other similar 
telescopes are under construction in America and (presumably) in 
Russia, and there are excellent instruments in Holland also. But 
all these owe a great deal to the work of Lovell and his team 
on the 250-foot 'dish’. 

The ‘dish’ focuses radio waves, just as an optical mirror focuses 
light waves. The focal point is the tip of a 6o-foot-long metal rod or 
dipole which sticks out from the centre of the disk; the radio waves 
coming from space are reflected to this point, and are amplified* 
They are then passed to an automatic pen which records them on a 
moving chart paper. 

Not all radio telescopes have ‘dishes’* There is, for instance, 
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MILLS CROSS* ^ol alt radio telescopes are 
dishes. 'The Jodrell Bank 2^0^/001 instru~ 
meni is of course a paraboloid; ike Arcetri 
radio telescope and the instrument at the 
Crimea are quite different in nature. This 
photograph shows a Mills Cross, set up in 
Australia 
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record of radio emissions from 
JUPITER* The scale gives limeAntervals in 
seconds 



MILLS cross: looking along the north- 
south arm 



the Mills Cross type, named in honor of the Australian scientist 
Bernard Y* Mills, who was one of the main desig^ncrs (another was 
a Briton, M* Ryle)* Here we have two rows of aerials set up 
perpendicular to each other. The first receives the radio waves 
from one area of the sky; the second receives the waves from another 
part* If both rows are receiving together, there will be double 
strength signals corresponding to the centre of the cross* If the rows 
are connected so as to work in opposition, the strength in the 
centre of the cross will be zero, since one row will cancel out the 
other* By means of a switch, the connections of the rows are 
rapidly changed from one position to the other, and the current 
in the centre of the cross will vary up and down when a radio 
source lies in the position defined by the centre of the cross* By 
this method the position of the radio source itself can be worked 
out. 

Now let us see what sorts of objects send out radio waves* 

The Sun is one source. Another, surprisingly, is the planet 
Jupiter; it is thought that the waves from the Giant Planet may 
be due to electrical ‘thunderstorm' activity in the Jovian atmo¬ 
sphere, Radio waves from Saturn have also been reported* If these 
arc confirmed, they too may be due to ‘thunderstorms' in the 
planet's atmosphere* 

Yet most radio sources lie far beyond the Solar System. One, of 
particular intensity, is the Crab Nebula, Messier 1 in Taurus—the 
wreck of the supernova observed by Chinese astronomers in 1054. 
There is also a radio source which corresponds closely to the 
position of the supernova studied by Kepler in 1604, and it is 
suggested that yet another source, in Cassiopeia, may be due to 
the remains of Tycho's Star of 1572. There is nothing surprising 
in this, Supernovsc are the most tremendous cosmical outbursts 
known to us, and the disturbed gases and materials may be ex¬ 
pected to emit radio waves for many centuries after the "explosion’. 
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THE GRAB NEBULA, MESSIER I IN 

TAURUS. Here we see the resuli of a stellar 
explosion which occurred nearly 5,000 years 
ago. Due to its distance from the Earth, the 
explosion was not observed until nearly ^,000 
years after it had taken place. On the morning 
of July 10^41 a star was seen by Chinese 
observers, shining with a brightness 100 
million times greater than previously. After 
several months it faded below naked-eye 
visibility. In the place of this star or ‘super- 
nova\ modern telescopes now reveal this large 
cloud of gaSj still expanding at a rale which 
increases the diameter of the nebula by nearly 
70,000,000 miles each day. High-energy 
electrons, still moving about rapidly as a 
resuli of the explosion, cause the centre of the 
nebula to glow with nearly white light, and at 
the same time cause the wispy fdaments of gas 
to shine with characteristic color. Photo¬ 
graphed with the 2oo^inch Hale reflector at 
Falomar 
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RADIO SOURCE CASSIOPEIA A, fl 

particularly intense source* {This is a nega¬ 
tive photograph.) The emission is due to 
distributed masses of gas, and there is no 
bright visual object 


Another very strong radio source is known as Cassiopeia A. It 
does not correspond with any bright star, or with any recorded 
supernova. It seems to be about rOjOOO light-years away^ and the 
Palomar reflector has been able to photograph a very faint 
luminous cloud of gas in the exact position of the source, but the 
reason why this gas-cloud is so powerful a radio emitter is not 
definitely known. I’hen, too, there is the source located at the 
galactic centre, first recorded by Jansky. 

We know that there is a great deal of gas spread through the 
Galaxy. Of this gas, hydrogen is much the most plentiful, and 
tends to collect into huge clouds, each some 30 light-years across. 
It is of course extremely cold, and also extremely rarefied; there 
are less than ten atoms per cubic centimetre, which is a low 
density judged by any standards. Nevertheless, in 1944 a Dutch 
scientist, Hendrik van de Hulst, predicted that this hydrogen 
should be sending out radio waves on a length of 21 -1 centimetres. 
He knew that it would be weak and hard to detect, but he beUeved 
that it must be present. 

At the time, van de Hulst was unable to carry out experimental 
work. The Germans occupied Holland, and scientific research was 
at a stanc'still. It was not until 1951 that two Americans, H. Ewen 
and E. riirccll, managed to detect the 21 M-centimetre radiation; 
but when they did, it proved to be most important. 

Interstellar gas is most plentiful in the spiral arms of any 
galaxy. Moreover, if it is in motion, it will yield Doppler shifts 
in the same way as visible light. By plotting the positions of the 
hydrogen clouds, and observing their Doppler shifts, radio astro¬ 
nomers were able to prove what had already been suspected— 
that our own Galaxy is spiral in form. By now five definite spiral 
arms have been traced, and in addition we can receive radio waves 
from the galactic nucleus—since these waves are not blocked by 
obscuring matter, but penetrate right through. 

We can sec the way in which the story has unfolded. Herschel 
gave a good idea of the disk-shape of the Galaxy; the distribution 
of bright stars of early spectra! type indicated the possibility of a 
spiral form, and radio astronomy proved it. There is, after all, a 
strong link between Herschel and van de Hulst. 

Beyond the Galaxy He other radio sources. One of these is the 
Great Spiral in Andromeda. Reber, before the war, predicted that 
radio waves would one day be received from the Spiral, and his 
forecast has come true. But what of the remarkable source in the 
Swan, known as Cygnus A? Apart from Cassiopeia A, it is the 
most intense radio source in the sky^—but its distance is much 
greater. One estimate places it at 200 million light-years. 

The answer has been found. Cygnus A is not one object, but 
two. It consists of two galaxies which are colliding, and are passing 
through each other at a speed of something like 600 miles per 
second. 

The idea of colliding galaxies conjures up a picture of a super¬ 
inferno, with stars meeting each other head-on. This is a tong way 
from the truth. Even in the most densely-populated part of a 
galaxy, the stars are still widely separated, and actual collisions 
can seldom occur. There is an analogy with two orderly crowds 
moving* through each other, and passing in different directions. 
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RADIO SOURCE GYGNUS A. AnotklV 
intense radio source. This is a negative 
photography obtained at Palomar 



N.G,C. 1275, ONE OF THE MEMBERS 
OF THE PERSEUS CLUSTER OF 

GALAXIES, photographed with the 200-inch 
Hale reJiectoT at Palomar. This galaxy is a 
radio source 


Unless the people are very closely packed, there will be no actual 
collisionSj and there is no close packing in the stellar population. 

However, the dust and gas between the stars will be colliding 
all the time during an encounter between two galaxies, and it is 
this which produces the radio waves received by our instriiincnts. 
Other radio sources ton have now been identified with colliding 
galaxies. 

In some ways a radio telescope is more powerful than an optical 
telescope. (In other ways it is of course, much less efficient, as it 
has much lower resolving power.) Cygnus A is a faint object even 
w^ith the Palomar reflector. If it lay at ten times its actual distance 
it would be 2,000 million light-years off, wdiich is about the real 
distance of the cluster of galaxies in Hydra. Optically Cygnus A 
would then be well beyond the range of the Palomar reflector, but 
its radio emission could still be detected. In fact, radio astronomy 
can reach out farther than optical astronomy—and this brings us 
to our best hope of clearing up one of the major problems of 
modern science. 

We can trace the life-story of a star; wc may make many errors, 
but at least we seem to be on the right track All theories begin 
with ‘gas and dust', out of wffiich the stars condense. But what 
about the galaxies themselves? How did they begin, and what is 
the origin of the universe? 

So far nobody has the answT'r, but there arc two theories which 
have caused strong (and sometimes heated) discussion in recent 
years. One is the ‘evolutionary’ theory, based on the work of men 
such as the Belgian abbe Georges Lemaitre. It is supposed that 
all the material in the universe was originally concentrated in one 
immensely dense 'primaeval atom’, and that between 20,000 
million and 60,000 million years ago this ‘primaeval atom* ex¬ 
ploded, sending its material outward in all directions. Expansion 
went on for thousands of millions of years, and gradually the 
clusters of galaxies w'cre formed. For a time there was a balance 
betw^een expansion and contraction; then, about 9,000 million 
years ago, something or other tipped the balance in favor of 
expansion, so that the galaxies are still receding from each other. 

H e can indeed show that if the present rates of expansion have 
gone on far into the past, all the galaxies must have been relatively 
close together 9,000 million years ago. Unfortunately wc are still 
quite in the dark as to Iiow all the material was created in the 
first place. 

On the evolutionary theory, the universe had a definite begin- 
ning, and will have a definite end; eventually the galaxies will be 
so far apart that they will be receding from each other at the speed 
ol light, and will be unobservable from each other. Eventually, 
too, all the stars in the galaxies will dir, and we will be left w'ith a 
dead universe. 

T he second theory is that of the sleady^state universe. It is due 
to a group of astronomers who worked at Cambridge, including 
F, Hoyle, 1. Gold and H, Bondi. Here we have no definite 
beginning; the universe has always existed, and will exist forever. 
New matter is being created out of "nothingness* all the time, so 
that as old galaxies die, new ones will take their place. Of course, 
die process will be very gradual. Matter is created in the form of 
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hydrogt^n atoms, and there is no chance of our being able to detect 
it, any more than one could detect the formation of a single grain 
of new sand in the Sahara Desert, 

We are still confronted with the difficulty that nobody can 
suggest why fresh material should appear out of nothingness; but 
this also applies to the evolutionary theory. If, as Lemaitre sup¬ 
posed, we began with the prima:val atom, this primaeval atom 
must similarly have been created out of nothing. On this score, the 
one idea is as reasonable as the other. 

On the steady-state theory, the average amount of matter in 
any given volume of space has always been the same, so that (say) 
9,000 million years ago the galaxies would have been as wide 
apart as they are now. Yet on the evolutionary theory, the galaxies 
were much more crowded 9,000 million years ago. 

We cannot travel in time—^but wc can look back through time. 
If wc observe a galaxy 9,000 million light-years away, we are 
seeing it as it used to be 9,000 million years ago. Suppose, then, 
that we study galaxies at this distance? If they prove to be more 
closely crowded than those which are nearer to us, then the 
evolutionary theory is right. If there is no crowding, then the 
steady-state theory wins the day. 

The Palomar reflector can reach out only about 5,000 million 
light-years, which is not enough. Neither is it certain that we can 
build optical telescopes of sufficient light-gathering power, at least 
until we can set them up beyond the Earth*s atmosphere—either 
in space or on the Moon. Radio telescopes are not similarly handi¬ 
capped, and it is to radio astronomy that we must turn for any 
hopes of a speedy solution. 

In 1961 'M. Ryle, at Cambridge, announced some important 
results obtained by the radio astronomers at the University, 
Analysis of very weak~and so, presumably, very distant—radio 
sources indicated that there really was a ‘crowding’, which sup¬ 
ported the evolutionary theory rather than the steady-state. It 
seems, therefore, that the steady-state theory has failed its first 
direct test. Yet the observations are incomplete and uncertain, and 
there may be a considerable margin of error, so that the last 
word has by no means been said. We cannot yet say definitely 
whether the universe resembles a giant clock which is running 
down, or whether it is more like a clock which is being continuously 
re-wound. 

Whether wc will ever solve the mystery of the creation of the 
universe remains to be seen. Meanwhile, investigations continue 
all the time, and our first successes are due to radio astronomy— 
the young science which was born on that day in 1931 when Karl 
Jansky used his ‘merry-go-round’ to detect the weak emission due 
to radio sources in the Milky Way. 



CHRISTIANSEN INTERFEROMETER 
AT SYDNEY, AUSTRALIA. This IS Jfit 
another type of radio telescope; it may be com¬ 
pared with the instruments at Jodrell Bank^ 
Arcetri, the Crimea and elsewhere 



N.G.C, 4038-9; COLLIDING 
GALAXIES, photographed with the ^8-inck 
Schmidt camera at Palomar. The two galaxies 
are ^passing through" each other^ and the gas 
and dust between the stars is colliding all the 
time^ so producing the radio emission 
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A DIATOM. Diatoms are microscopic plant¬ 
like organisms which surround themselves 
with elaborate silicate shells. Like other 
plajits they can trap solar energy as light and 
use it for building themselves up from simple 
chemicab 



A COLLECTION OF MICRO-ORGAN¬ 
ISMS WHICH GROW IN WATER AND 
DAMP SOILS. iVIost of these are minute with 
plant-like organisms^ and because they possess 
chlorophyll they can trap and use the energy of 
sunlight. Organisms which can use solar 
energy must form an important part of the 
world of life on any planety and it is reason¬ 
able to expect to encounter analogous but not 
identical forms on planets other than Earth, 
Unlike terrestrial plants^ photosynthetic 
organisms on Mars presumably do not release 
free oxygen^ and in this way may resemble our 
photosynthetic bacteria 


MODERN TELESCOPES, both optical and radio, can reach far out 
into space, Wc can photograph galaxies thousands of millions of 
light-years away, and we can measure the luminosities of stars 
whose light started on its journey towards the Earth long before 
life appeared on our world. Yet what of‘life" itself? Are we alone 
in the universe, or is our civilization only one of many? 

Before we go any further, let us make sure w^hat we know about 
‘life’, so that wc can narrow down our search as much as possible. 
We know that all the matter in the universe is made up of a com¬ 
paratively few fundamental substances or elemenls; ninety-two are 
known to occur in nature. 

Of all the various types of atoms, only one is able to produce the 
very complex atom-groups which arc needed for living matter. 
This is the atom of carbon. All organk material, then, must be based 
on carbon. Many other elements are involved, but carbon is the 
fundamental basis. It follows that all life, wherever it may be 
found, is similarly dependent on the carbon atom. In this case it 
must be of the same kind as the life we know on Earth. 

This may seem a sweeping statement—and indeed it is; it may 
well prove to be much too sweeping. First, it is worth noting that 
the silicon atom is a fairly good ‘builder’. It is not nearly so 
efficient as carbon, and we have no evidence of the existence of 
silicon-based life; but according to some scientists, the possibility 
does exist. 

There is another argument which is always raised in any dis¬ 
cussion of life on other worlds. It runs as follows: ‘Why should wc 
say that all life in the universe must be built on the same pattern 
as ours? There may be intelligent races of quite different kind/ 

The argument is plausible enough, and is impossible to disprove. 
Yet if we take all the evidence we have, and put the most reason¬ 
able interpretation on it, wc have to agree that utterly alien 
creatures do not seem at all probable, cither in our Solar System 
or beyond. If they exist, they must be built upon a pattern which 
we cannot understand, and so it is pointless to speculate. There is 
no proof that alien life-forms exist anywhere, and there is con¬ 
siderable indirect proof that they do not. 

Of course, a being living on another planet need not be of human 
form. All we can say is that according to modern evidence, an 
extra-terrestrial being would be made up of familiar elements, 
and would be based—as we ourselves arc—upon carbon. 

Having made this point, we can start to look round for worlds 
which might be expected to support life. 

There arc two essential qualifications. A life-bearing world 
must be neither too hot nor too cold; intense heat breaks up 
organic molecules, and extreme cold prevents vital activity. It is 
also necessary to have an atmosphere, preferably one which 
contains a reasonable amount of oxygen and water-vapor. 

Obviously we can rule out the stars, which have surface tem¬ 
peratures of several thousands of degrees. Of the nine planets in the 
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Solar Syslenip five fllie giants, and Pluto) arc tcjo colJ^ while 
Mercury^ has practically no atmosphere. The asteroids are airless, 
and so are the satellites—except for Titan^ svhich must be rejected 
because «f its low temperature* 

Apart from the Earth, then, only Venus and Mars seem to be 
worth considering scriovjsly* Mars has always been regarded as the 
more promising; as we have seen^ many astrontjmers beheve the 
dark tracts to be due to living organisms. Few scientists now be¬ 
lieve in Lowell's intelligent Martian canal-builders, and analysis 
has shown that the atmosphere of the planet is too thin and too 
ptjor in oxygen to support men or animaJs of Earth typt!, but it 
would be unsafe to rule out the possibility of much more primitive 
creatures. As for the ^vcgetatjon* itself, it is likely to be lowdy, 
probably no more advanced than our mosses or lichens. Whelher 
it IS genuinely like any Earth plants remains to he seen. 

With Venus, our knowledge is so slight that we are reduced to 
little more than guesswork. If oceans exist there, there may be 
simple marine life. We must remen^iber that life on Earth began m 
the seas, and that in the Pre-Cambrian period, more than 5 ch> 
million years ago^ the Earth's atmosphere contained more carbon 
dioxide and Im oxygen than is the case now, and in fact a modem 
man w'ould be unable to breathe a ^Pre-Cambrian^ atmosphere, 
it was only in later ages that plants spread on to the land and 
removed much of the carbon dioxide, replacing it by free oxygen 
by the process known to scientists as ph&ltt^jnihesis. Animals 
breathe in oxygen and expel carbon dioxide; plants do the reverse, 
taking in carbon dioxide and supplying oxygen, so that the amount 
of oxygen in our atmosphere remains more or less constant. 

Venus may be a world in a *Prc-Cambrian* state, and it is at 
least possible that life will eventually develop there Just as has 
happened on Earth, though we cannot be at all certain. 

To sum up: in the Solar System, there are only tw^o planets 
apart from the Earth which might possibly support life. On Mars 
there seems to be Vcgctation\ but intelligent bejngs arc improbable, 
I Whether a Martian civilization used to exist and has now died 
out we do not know, but the evidence is rather against it*) Venus 
seems unsuitable fnr anything except, possibly, very' lowly single- 
telled marine creatures. Yet can there be pianelary systems 
circling olhcr stars? 

There have been many theories about the origin of the Solar 
System. One, the Nebular Hypothesis, was put forward in i 796 
by Pierre Simon Laplace, a leading French mathematician. 
According to Laplace the system began as a vast gas-cloud, disk- 
shaped and in rotation. As the cloud cooled down^ it shrank; 
and as it shrank its rate of spin increased, until the centrifugal 
force ai the edge became equal to the gravitalional pull there. At 
Uiis stage a ring of matter broke away from the main mass, and 
gradually this ring condensed into a plaaiet. As the shrinkage 
continued, a second ring broke away, to produce another planet; 
and so on. The final result wa^ a central Sun surrounded by a 
family of smaller bodies. 

The theory seems reasonable enough, but unfortunately there 
are strong objections to it. For one thing, a gaseous ring formed in 
such a way could not possibly condense into a planet. 



TJTE SOlTTn POT.AR AREA OF MARS, 
[ 630 , oLcordm^ to Schiap^r^tli; 
crniab are shotuii 



DRAWING OF MARS RV LOWELL* 
Here we see ihe cmM netw&fk in Us rntfst 
dfvshpsd form 



UARS, I9091 DRAWN BY E. M. 

anconiadi. The teUicope med wns the 
Aifudoii ^inch re/racUjr. The differemf 
between Antuniadi^s rspresentation and thase 
ef LSchiapafflii md Ltfweli is frhuious 
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jeans’ tidal theory of the 

ORIGIN OF THE SOLAR SYSTEM. The 
theory was widely acceptedfor some years, but 
mathematical investigations have revealed so 
many weaknesses in it that it has now been 
rejected 


In 1900 two American scientists, Chamberlin and Moulton, put 
forward another theory, according to which the planet-forming 
material was pulled off the Sun by the action of a second star 
which passed near by. This ‘tidal’ theory was modified by Sir James 
Jeans, who will be well remembered by many people not only for 
his astrophysical researches but also for his popular books and 
broadcasts. 

This time we have an encounter between the Sun and a passing 
star which resulted in a ‘tongue’ of matter being pulled away from 
the Sun. After the second star had gone on its way, .the ‘tongue’ 
broke up into pieces, each of which became a planet. An attractive 
feature of Jeans’ idea is that the ‘tongue’ would have been thickest 
in its middle parts, which is where we find the largest planets, 
Jupiter and Saturn. 

Here again there arc mathematical difficulties. Although the 
tidal theory still has its supporters, most scientists agree that it 
cannot be correct. 

F. Hoyle once suggested that the Sun formerly had a binary 
companion, which turned into a supernova. Hoyle went on to 
calculate that the effects of the explosion would give what was left 
of the star a recoil sufficient to break it free from the gravitational 
pull of the Sun. He suggested that just before its final departure, 
it ejected a cloud of gas which the Sun managed to retain, and 
that the planets then condensed out of this material. 

The most favored theory at present is based on work by a 
German, Carl von Weizsacker, and a Russian, Otto Schmidt. 
This time it is supposed that some thousands of millions of years 
ago the Sun passed through an interstellar cloud, and collected 
an envelope of matter out of which the planets and other bodies 
of the Sun’s family were formed. 

It is too early to say whether this last theory is correct, but at 
least it seems to be promising. If we accept it, planetary systems 
must be common in space. What can happen to the Sun can 
happen to other stars as well. 

The trouble, of course, is that a planet has no light of its own, 
and even a large body accompanying a relatively close star would 
be too faint to be seen even from Palomar. The only way in which 
such a body could be detected would be by its gravitational pull 
on the parent star. 

In 1942, K. A. Strand published results which showed that the 
fainter member of the 61 Cygni binary seemed to be ‘wobbling’ 
very slightly, and he suggested that this might be due to the 
presence of a massive planet. The calculations showed that the 
mass of the invisible body ought to be about sixteen times as great 
as that of Jupiter. Another near star, 70 Ophiuchi, maybe attended 
by a somewhat less massive planet. 

If two of our stellar neighbors prove to have planet-families of 
their own, we are entitled to suppose that many others exist. 
Indeed, it would be unreasonable to believe otherwise. Our Sun 
is one of 100 thousand million stars in the Galaxy; the Palomar 
reflector is capable of photographing 1000 million galaxies. 
Therefore, the number of stars which we know to exist is 100 
thousand million multiplied by 1000 million—and even this repre¬ 
sents only one part of the universe. It is surely absurd to suggest 


that in all this host, the Sun is unique in possessing a system of 
planets. 

If the number of planet-families runs into hundreds of millions, 
some of these worlds must be suitable to support life. Where the 
conditions are right, life may be expected to appear. At this 
moment, some astronomer living on a planet circling a far-away 
star may be turning his telescope towards the yellow star we call 
the Sun, and wondering whether it also may be the centre of a 
‘Solar System’, 

Interplanetary travel is a real possibility, but reaching the stars 
is another matter altogether, and may always remain beyond our 
powers. The only way of contacting distant races would be by 
means of radio signals, which travel at 186,000 mites per second— 
and in i960 some interesting experiments were begun by an 
American scientist, Frank Drake, using the B5-foot radio telescope 
at Green Bank, in Virginia, 

Drake surveyed all the comparatively close stars in an attempt 
to decide which of them might be attended by Earthlike planets. 
Very feeble stars such as the Red Dwarfs held out little hope; it 
was better to search for stars which are not too unlike the Sun. 
Two in particular caught his attention: Tau Ccti and Epsilon 
Eridani, Both arc of magnitude 3^, so that they are clearly 
visible to the naked eye; both are of spectrum type Ko, and both 
are about ii light-years away. Tau Ceti is nearly half as 
luminous as the Sun, while Epsilon Eridani has about one-third 
of the solar luminosity* 

If these stars have planet-families able to support intelligent 
beings, radio astronomers may live there. In this case they will 
know about the cold hydrogen clouds in the Galaxy, and will be 
‘listening out* on a wavelength of 21-1 centimetres, which is the 
frequency of the radiation emitted by the hydrogen. Drake’s 
scheme is to send messages on the same frequency, and to arrange 
them so that they are obviously artificial transmissions. 

The idea is not entirely absurd, but it must be said that the 
chances of success are remarkably slight. For one thing, a radio 
wave will take eleven years to reach either Tau Ceti or Epsilon 
Eridani. If we assume that our transmission is received by a radio 
astronomer there, it will take another eleven years for a Tcply’ 
to be received. Consequently, messages sent out in 1961 cannot 
bear fruit until 1983 at the earliest. In any case, we have no 
idea whether either star has a planet-family, or whether there is 
any real chance of intelligent life there. Reluctantly, we have to 
admit that the whole experiment is ‘the longest of long shots’. 

Even so, there is no reason to doubt that intelligent life is widely 
scattered through the universe. The Sun is an ordinary star; the 
Earth is an ordinary planet; and neither is there anything remark¬ 
able about mankind, Wc may indeed be very low in the cosmical 
intelligence scale, but it is a measure of our scientific advance 
during the last few centuries that we have come to realize how 
unimportant wc really are. 



GROUP OF galaxies IN LEO, photo¬ 
graphed with the 200'-inck Hale reflector at 
Palomar 



THE 85-FOOT RADIO TELESCOPE AT 
GREEN BANK, VIRGINIA, Operated by 

the Associated Universitiesj /nc., under con^ 
tract with the J\^ationa[ Science Foundation, 
J^alional Radio Astronomy Observatory^ 
Green Bank, West Virginia 
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CROSS-BEGTrON OF THE EARTH^S 
ATMOSPHERE 


TO BRING CJLTR STORY up to date wc rnusl consider one mure 
new development. This is rncket astronomy, which began a quarter 
oL a century^ ago but which did not become a serious research 
tool until after the end nf the Second World War. 

Hardly a month now passes vi^Tihnut some startling new 
development. Rocket vehicles have been put round the Earth and 
also round the Moon; odiers have been sent into paths round the 
SuHt snd men have been sent into space^ Astronomy has benefited 
enormously as a result. Yet it is commonly thought that the 
only purposes behind rocket research arc to provide military 
weapons, and to send men to other worlds. Nothing could be 
further from ihr imih. Few scientists now- doubt that it will be 
possible to reach the Muon within the next half-century or so, 
but at the moment our most valuable inforniation comes from 
unmanned, instrument-carrying space-probes 

As long ago as the second century a.u., a Greek writer, Lucian 
of Samosata, wtolc a stnry in which his heroes were sent to the 
McKin by the action of a waterspjut, which caught the ship in 
w^hich they were sailing and hurled iL upward. Centuries later, a 
story by no less a man than _|ohannes Kepler described a lunar 
voyage. At about the same lime an English bishop, Godwin^ 
published an entertaining fantasy in which the journey to the 
Moon Vk^as made cm a raft lowed by wild swans. Of course, these 
and f>ther tales were what wc now call ^science fiction^ and 
although some of them i notably Kepler's contained 

some interesting scientifir forecasts, the suggested methods of 
space-Lravcl wTre—to put it mildly—impracticable. 

In TH65 a belter idea was put forward by Jules Verne, the great 
French story-teller. In his book Fr&m th/ Earth to the Afoon^ Verne 
planned to send his voyagers on their way by means of a space- 
gun. The projectile containing the travellers was pul into the 
barrel of a vast cannon, and fired moonward at a speed of 7 miles 
per second. 

Verne alw^ays kept to the proper facts as much as he could, and 
many of the calculations in his story were correct. For instance, he 
selected the right starting velocity. Seven miles per second is 
enough to enable a projectile to break free of the Earth^s gravita¬ 
tional pull, h corresponds lu abemt ti5,uou m.p.h., and is termed 
eseapf ueloaty, UnToitunalely there were isvo things which Verne 
failed to take into account. If a solid body were made tn move 
through the dense lower atmosphere at such a speed, it would be so 
violently healed by friction that it would be destroyed at once. 
Moreoverj the shock of starting at seven miles per second would 
certainly kill the luckless pioneers. No human frame could endure 
so tremendous a jolt. 

Space-guns, then, are out of the question. Neither can wc travel 
to the Moon by ‘conventional" machines such m aircraft. An 
aircraft cannot function unless there is air round it, and above a 
height of a few miles there is so little atmosphere that for most 
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DESIGN FOR A SPACR-SHIP RY 

TSJOLRovaKii. K\ E* Tmlkuvshiij ihf 
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spaeg-ship designs; ihis one is on exhibition nt 
thf Tsiotkouskii Museum at Kaluga, where 
he imighi far mmy^iars 
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purposes k may be disregarded. Most of the quarter-milLiDn mile 
flight to the Moon must be done in airless space* (Modern jet- 
aircraft ajc similarly limited, since their engines depend on being 
able to draw in oxygen from the surrounding atmosphere,) 

Around the turn of the last century two men independently 
realized that the only way to reach the Moon was to use vehicles 
propelled according to what Sir Isaac Newton had termed the 
principle uf reaciim. In Germany, Hermann Ganswindt designed 
an extraordinary machine propelled by dynamite; in Russia^ 
Konstantin Eduardmiich Tsioikovskii published the first papers 
outlining a for future research. 

Ganswindt must have been a good approximation to the iradi- 
tional inventor of the story-books. Most of his ideas were wild in 
the extreme, and few of his inventions really worked. For instance^ 
he designed a heUcopterj driven by a falling w^eight; but as he 
could not provide it with an engine, it was hardly likely to prove 
succc^uL He also described a new type of fire-engine, and even 
an airship. His 'space-ship^ w^as bell-shaped, attd packed with 
heavy steel cartridges filled with dynamite- Ganswindl's plan 
was to fire the explosive so dial the upper part of the cartridge 
would bang against the top of the vehicle, thus knocking it up¬ 
wards ■ * * A succession of such charges would, he reasoned, send 
the projectile into space, though in a rather jerky fashion* 

Ganswindt's space-ship is as far-fetched as Lucianos waterspout 
launcher, and much less reasonable than Jules Verne's space-gun. 
Yet the germ of an idea was there, and it was unfortunate that 
Ganswindt had neither the patience nor the clear-headedness to 
follow it up+ He died tit J934- 

Tsioikovskii was a very different sort of man. Unlike Ganswindt, 
he put forward his proposals in a truly scientific manner, and 
many of his theories still hold good today. 
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PftEPARATTDNS FOR FlREffC VANOUARIl 








PiONEEK V, LAVfiCn^TL, A ^rsiage Thor-Ahk Txkti hiaxHng ejf fism C^fpe 
Canavtrai^ Fltrrida^ carrying the space-probf Pioneo' Viniisms^. Thf (43'4 ^S-) 

sphere, paeked wiih scienii^ iFufrumfriJi^ was launched into a ^n^dctj orbk round the Sun 
between the arhiis nf the Earth and Venus* This the third of the artijkiat planets; the 
frst two were the American fjehicle Fioneer IV, and the Soviet L^ik, / 
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!»R1NC1PI,E OF THE ROCKET 


PHOTOGRAPH OF THE EARTH FROM 
HIGH ALTirotJE, fnrm a rocket. 

Il is d sompJBsiii picturt^ kut ihe ^nratuTs qf 
ihf Eiirth*s ssr/act is ^Uarfy shiiwn 


He was the son of a forester, and was bom at Isbevik, in the 
Russian province of Ryazanskii, m 1857. When he was a boy of 
ten he caught scarlet feverj and was left permanently deaf, which 
handicapped him all through his life. However;^ he was a skilful 
mathematician, and became a teacher, first at a small country 
school and then in the town of Kaluga. 

Tsiolko\'sku’s first published article on the possibilities of space 
travel appeared in 1903 in a monthly journal called M^-nischnoje 
Obosnmji (Science Survey}* It caused almost no interest even in 
Russia, and nobody outside that country heard about it until 
years later. Yet it w^as of great importance* since it laid down 
many of the principles of the science we now term ash^nmiks. 

What Tsiolkovskii grasped was the vital fact that a rocket does 
not need to be surrounded by air. The diagram will make this 
clear* The inside of a firework rocket^ for instance, is packed with 
gunpowder; when the gunpowder is lit, hot gas is produced, and 
this hot gas rushes out through the exhaust, so propelling the rocket- 
body in the opposite direction. 

Tsiolkovskii realized that gunpow'der rockets of this kind arc in¬ 
efficient and unreliable. Instead, he planned to use liquid pro¬ 
pellants* The two liquids^ a fuel [such as petrol) and an oxidant 
[such as liquid oxygen) would be pumped separately into a com¬ 
bustion chamber; ignition would take place, and gas wnuld be sent 
out of the exhaust as with the firework. Using a rocket motor of 
this kind would, he wrote* open up endless possibilities* 

He was certainly right. Moreover, his claim to fame does not 
rest only upon his two fundamental discoveries. Later he published 
many articles, containing ideas which seemed absurd at the time 
but which seem very far from absurd nown Of course he made 
mistakes* but generally speaking he was well ahead of hb time. 

Tsiolkovskii retired from teaching in 19^0* Four years later, 
when the idea of space-flight had really started to take hold of 
people^s imaginations* the Soviet Gtivcrnment reprinted hts 
original article, following It with new produedons of many of his 
other works. Suddenly the shy, deaf cx-tcacher became almost a 
national hero. His seventy-fifth birthday^ in 193^^—three years 
before his death—w^as marked by public celebrations, and Stalin 
sent him a telegram of congratulation. 
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Goddard's rocket launcher at 
ROSWELL, I934i ihi first man 

ia fre n liquid-pro^U^d rtickff was am af 
ifu greatest af the pioneers in ihh Jield 


TsioJkovskii was not a practical cxpciimratcr. He never fired a 
rocket in his life, and probabJy never seriously considered doing 
RO. Yet nobody is likely to dispute bis right to the title of "father of 
astronautics’* 

Some years after the publication of Tsiolkovskij's first article, 
an American sdendstj Robert Hutchings Goddard, began to tiirti 
his attention to rocketry* He had been bom in r&8sp at Worcester 
in MassachuseitSf and had become Professor of Physics at Clark 
University. In 1914 he started serious experinicntal work, but the 
war intervened3 and not until after the Armistice was he able to 
continue with his own research. 'Fhen, in 1919, he published a 
monograph entitled A Method of Reoehijig Extreme Altitudes^ in 
which he stressed the value of rockets for upper-atmosphere 
studies p and also suggested that it might be pKissiblc to send a 
vehicle to the Moon. He did not discuss a manned rocket; he was 
concerned with someihing much less ambitious—a small vehicle 
carrying a charge of flash powder which would cause a visible 
spark as it hit the lunar surface. 

The Moon-rocket proposal caused a tremendous amount of 
interest, and featured in varioua American daily papers* 
Goddard w as not pleased. He hated publicity in any fornix and in 
any case he thought—^righlly— that the Press was paying too much 
attention to the 'lunar shot' idea and too little to the immediate 
task of exploring the upper almnspherr of our own world. After 
Lhai| he did his bc^t to keep himself out of tlic pubUc eye. 

On March iG, 1926 he actually fired the first Hquid-propellant 
rocket in history* It was powered by petrol and liquid oxygen, 
and rose modestly to a height of 200 feet;, attaining a maximum 
speed of 60 m.p.h* It caused no comment at the time simply 
because almost nobody knew* about it. Goddard published a report 
four years later, but it w^as not until 1936 that the date and nature 
of Ills pioneer experiment became generally known. 

Meanwhile a remarkable book had been produced by a 
Rumanian teacher, Hermann Oberth. It appeared in 1923 
under the title of RakeU zu den PUnetemdumen (The Rocket into 
Interplanetary Space}* It was mainly fnathematical, but it 
quickly became something of a best-seller, because Oberth treated 
the whole spacc-travcl problem in a properly scientific way* 




















TOTAL ^dLiPSE OF THE Fehnisry ig€i^ 

phelographid from Flmn£t hjr Co/in Ronan. The corona^ 
shifwn hfrr, it propirfy sggn from th^ E^rth^t surface 
during lotaiiiy; full inuestigations of the Sun^i iurrmmjd^ 
ingi d£ptn£i offututf rtiearch unth rockit whieits 


KHOTOGltAPtta OF THE AUnaRA 
BOREALIS (AWMrrn Lights) 
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ORBJT OF THM AMERICAN SATECEITE ECHO J, !immhtd fTfl AUj^l i2^ ig6o. 

This was a sphm too fiel in iiiaiiKiir^ and m its Jirst jaarn^s tmnd ths Earth had a prfhd 
of I id mimifs^ with a height mrying between and ro^g miU$, It taak (he firm af a 
hafioatL, emsisiing qf a veij thin plastic skin coated with a highly refic^iDe tnetailk lamina- 
lion. Its mass was thetrfiife very slight, and it was pertarbfd by the efieets af lighi-pressiiTe 
frf}m the Sun; this radiaiian pressure is tdfimify negiigibk fir mars conrentionai satellites 
wilh greater Tno^ss^ The Echo was a speciacuiar ohjeet, and attfaeied a great deal of alien- 
tion, since it shone more brightly than a rst-magnitude star. In thh phie m aceurale glohe 
of the Earth has hern photographed and the orbit of the Echo added. The inclination of the 
orbit to the Earth's iqaaiar is shown as ^7 degrees 
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[incidentally^ his work was independent of Tsiolkovskii's. He 
couJd not read Russian—and still cannot, as he told me Tccently— 
and at that timer Tsjolkovskit'^s works had not been translated into 
any other language.] 

Oberth^S buok led to a surge of interest in astronandcs^ and 
Interplanetary Societies were formed in various countries. Parti¬ 
cularly important was the German ^Verein flir Raumachiffahrt^p 
or Society for Space-TravcL Its leading members, such as Wemher 
von Braun and Willy I^y^ decided to fire liquid- fuel rDckets of 
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NIGHT LAUNCHING OF VIKING I*^, 

in th€ United States 


WOOMERA, This is the main Common¬ 
wealth rocket range^ and is situated in 
Australia, The photograph gives a general 
view 


their own, and actually did so. They knew nothing about God¬ 
dard’s experiment of 1926, and naturally assumed that their 
vehicles were first in the field. 

When the Nazi Party came to power in Germany, the military 
authorities realized that there might be a chance of turning the 
new rockets into weapons of war. The Verein fiir Raumschiffahrt 
ceased to exist. Some of its leaders, including Ley, left Germany; 
others, such as Von Braun, joined the official rocket station which 
was set up at Peenemunde, a small village on the Baltic island of 
Usedom, Work was continued, but this time for destruction instead 
of scientific progress. In 1937 came the first successful launchings, 
and on October 3, 1942, a much larger and more efficient vehicle, 
later known as the V2, soared high into the atmosphere. 

As the war turned against Germany, the Nazis sent their V2 
rockets against Britain. Between September 1944 and March 1945 
vehicles carrying explosive charges fell on London and the Home 
Counties, and did considerable damage. The attacks ended 
when the launching sites were captured by the advancing Allied 
armies. Some of the German scientists, notably Von Braun, went 
to America, and the remaining V2S were shipped across the Atlantic 
to be used for scientific purposes. 

Though the V2 was designed as a military weapon, it may be 
regarded as the ancestor of the space-ship. It could reach a height 
of well over 100 miles, which is beyond most of the Earth’s atmo¬ 
sphere, and it was easy to adapt for high-altitude research. 

There are many reasons for wanting to explore the upper part 
of the air. Until we can do so, we cannot hope to have a full 
knowledge of the atmospheric mantle. Moreover, remember that 
there are various absorbing layers which block out many of the 
radiations emitted by the Sun and stars. If we want to examine 
these radiations, w'c must send our instruments above the absorb¬ 
ing layers, and rockets give us our only means of doing so. 

In addition there are the so-callcd cosmic rays—high-velocity 
particles, mainly atomic nuclei, which come from the depths of 
space, and which arc bombarding the Earth all the time. When a 
cosmic ray primary smashes into the upper air it breaks up some of 
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SKYLARK ROCKET. One of the British 
rockets being launched from the Common¬ 
wealth testing ground at IVoomeraf Australia, 
These vehicles were not designed to launch 
satellites^ but to carry out upper-aimosphere 
research 



THE FIRST AMERICAN EXPLORER 
SATELLITE. Though much smaUer than 
the Russian vehicles^ early American satellites 
carried complex instrumentation^ and pro^ 
vided a great deal of valuable scientific 
information 


the air-particles5 and is itself broken up. A whole series of collisions 
takes place, and only the broken pieces of the primaries reach the 
ground* This is fortunate for us, since the primaries may well be 
dangerous to living matter; but cosmic rays are clearly of funda¬ 
mental importancCj and scientists are anxious to study them as 
closely as possible. 

As soon as the war was over the Americans began a serious pro¬ 
gramme of rocket research. The German V 2S were improved, and 
new rockets soared high into the atmosphere—Aerobees, Vikings 
and the rest, each more powerful and more efficient than its 
predecessor. In 1949 came the first step-rocket^ a development which 
requires a little explanation. 

Even our best liquid propellants are not powerful enough to 
send a single-stage rocket beyond the atmosphere. Unlike the 
projectile of Verne’s fictional space-gun, a rocket does not start 
off at full escape velocity, since if it were to do so it would be 
destroyed by frictional heating. It has to work up to maximum 
velocity more gradually, so that it travels through the dense lower 
air at a comparatively slow speed. 

A step-vehicle consists of several rockets mounted one on top 
of the other. At the start of the flight, the bottom rocket does all 
the 'lifting’. When it has used up all its fuel, it breaks away and 
falls back to the ground; the second "step’ continues the journey 
under the power of its own motors, so that it has the double advan¬ 
tage of being well above the densest part of the atmosphere, and 
also moving at considerable velocity before its motors come into 
play. The second stage in turn can carry a third, and so on, though 
the design difficulties increase with each new step and there is a 
practical limit to the number of separate rockets. 

The 1949 vehicle fired from the American proving ground at 
White Sands, New Mexico, consisted of a German V 2 carrying a 
smaller rocket known as a WAG Corporal. Unaided, the WAG 
Corporal would have been able to reach fifty miles. Launched by 
the V2, it soared to almost 250 miles, which was a record at that 
time. 

High-altitude rockets provided a tremendous amount of valu¬ 
able information, but in some ways they were not satisfactory. No 
rocket can stay up for more than a few minutes. When it has 
reached the peak of its flight it plunges back to earth, and lands 
with a force sufficient to destroy it completely. Often enough the 
instruments are destroyed too, even if they are broken free during 
the descent and brought down by parachute. On July 29, 1955, 
the Americans therefore announced that they planned to send up 
a man-made moon or artificial satellite. 

This was indeed a new departure. It meant that for the first 
time, men were planning to send proper scientific vehicles to carry 
out a research programme from above the Earth’s atmosphere; it 
also meant that the true space age was about to open. 




SPUTNIK T. The first artificial satellite^ 
launched by Soviet scientists on October 4^ 

m? 



TRAIL OF SPUTNIK I, near one of the 
J'iubecuU or Magellanic Clouds. Photograph 
by K. Gottlieby at the Mount Siromlo 
Observatory in Australiay on October 8y 
^957y 



ORIGINAL ORBIT OF SPUTNIK 11 ^ the 

second Russian satellite 
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THE IDEA of an artificial Earth satellite was not new. It had been 
discussed by most of the rocket pioneers, including Goddard and 
Oberth. Yet in 1955, when the Americaiis made their announce¬ 
ment, many people still regarded it as fantastic. The usual 
question asked by non-scientists was: *Even if the satellite can be 
taken up by rocket power, what is to stop it falling down again— 
just as an ordinary rocket docs?’ 

To explain this, let us look at the case of the real Moon, which 
moves round the Earth at a distance of about 239,000 miles. It is 
travelling at a speed, relative to the Earth, of just over half a mile 
per second, and so it does not fall to the ground. As Newton showed 
so long ago, it is theoretically Tailing’ all the time, but its distance 
from us remains the same. Moreover, it keeps moving simply 
because there is nothing to stop it. The same arguments apply to 
the Earth in its journey round the Sun* 

Suppose we could take up a satellite inside a rocket, and start 
it moving round the Earth at a suitable speed? It would behave 
in the same manner as a natural astronomical body, and would 
be subject to the same laws of motion. It too would enter an 
orbit round the Earth, and would not fall back to the ground* 
This, then, was what the Americans planned to do: build a 
small instrumented vehicle, send it up by rocket, and start it 
moving round the Earth above the top of the air-mantle* It was 
an exciting programme, and tremendous interest was aroused all 
over the world, Tlie progress of ‘Project Vanguard’ was keenly 
' followed, and scientists in every continent waited for news* 

Yet when success came, it was from an unexpected quarter— 
unexpected, that is to say, in Western Europe and the United 
States. On October 4, 1957, Russian scientists launched the first 
artificial satellite, known generally as ‘Sputnik I\ It took the form 
of a sphere 23 inches in diameter, weighing 184 pounds, and it was 
sent up in a multi-stage rocket. It carried a radio transmitter, and 
almost at once its ‘Bleep! bicep!’ signals were picked up by wireless 
operators in various parts of the globe. 

Its orbit, naturally enough, was elliptical. At its farthest point 
or apogee it was 588 miles above the ground; at Us nearest, or 
perigee^ only 142 miles. The time taken for it to complete one 
journey round the Earth was 96 minutes. The last stage of the 
rocket launcher also entered a closed orbit* 

The news was surprising in view of the fact that no previous 
Russian announcements of a satellite programme had been made, 
but it was at once clear that the Soviet techniques were ahead 
of the American—despite the help given to the United States 
team.by German pioneers such as von Braun. Unfortunately a 
launcher which can send a satellite into orbit can also be used to 
carry a military weapon, and the political situation prevented any 
interchange of ideas so far as the launchers were concerned. This 
is still the case, and scientific progress is handicapped as a result. 
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TRAIL OF SPUTNIK II, Dur^ermluu 
Abbe^ is shown in this photograph by 
Morris Allan 



CAMERA-END OF THE MAIN SATEL¬ 
LITE TRACKING CAMERA AT ZVENI- 
GOROD, u,s,s.R, Photograph by Patrick 
Moore^ sg 6 o 


Sputnik I was not designed to remain in orbit permanently. 
When near apogee it was virtually above the resisting atmosphere, 
but at its perigrcc distance of less than 150 miles there was still 
appreciable air, and resistance had to be taken into account. As 
expected, the Sputnik’s orbit was gradually changed. Finally, on 
January 4, 1958, it dropped into the main part of the atmo¬ 
sphere and was destroyed in the same manner as a shooting-star. 
Meanwhile, new developments had taken place. 

Sputnik II, sent up by the Russians on November 3, 1957, was 
altogether more ambitious than its predecessor. It took the form 
of a cylinder 70 or 80 feet long, and weighed well over 1,000 
pounds, so that great power was needed to launch it. It carried 
a variety of instruments designed to study phenomena such as 
cosmic rays and solar ultra-violet. 

Sputnik II moved in a relatively eccentric orbit, so that its 
distance from the ground varied between 140 and 1,038 miles. 
During its first circuits it had a period of 104 minutes, and it lasted 
until April 14, 1958, when it too entered the denser air and was 
destroyed. It was easily visible to the naked eye, and appeared as 
a brightish starlike point moving slowly and steadily across the 
heavens. People who expected an artificial satellite to loom as 
large as a ballcxin were surprised to find that it looked like nothing 
more than a luminous dot. 

American scientists carried on with their own programme as 
quickly as they could, but at first they had no success. The first 
attempt at a Vanguard launching, on December 6, 1957, resulted 
in an explosion which completely destroyed the rocket. Then, on 
January 31, 1958, the team led by Wernher von Braun successfully 
launched a satellite, F^xplorer I, which carried various instruments 
as well as a radio transmitter. It was a dwarf compared with the 
Sputniks, since it weighed only 31 pounds, but at least it was 
encouraging. 

Three more satellites were launched by the American teams 
during 1958, as well as two unsuccessful moon-probes which will 
be described below. One of these, the first Vanguard to enter 
orbit, is expected to remain circling the Earth for several centuries, 
but since it weighs only 3 pounds and is no larger than a croquet 
ball all contact with it has long since been lost. 

On May 15, 1958, the Russians again stressed their technical 
superiority when they launched the cone-shaped, 2,925-pound 
Sputnik III, by far the most complex satellite attempted up to 
that time. The instrumentation was varied, and included magnetic 
and cosmic-ray recorders; research into micro-metcorites was also 
included in the programme. Like Sputnik II it was easily seen 
with the naked eye, and it continued orbiting the Earth until well 
into i960. 

Various methods for tracking the satellites, both Russian and 
American, were adopted. Amateur observers formed themselves 
into the * Moon watch’ teams, and did excellent visual work. Mere 
important, however, were radio and radar observations, and in this 
field Britain took the lead. The 250-foot Mish’ at Jodrell Bank was 
far more powerful than any radio telescope in America, and 
neither, apparently, did the Russians have anything to compare 
with it. Under Loveil’s direction, the Jodrell Bank team carried 
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NOSE-GONE OF SPUTNIK Ilf, This is a 
replica of the nose-cone on display in AIoscow 


THE PADDLE-WHEEL SATELLITE The 
four solar ceil paddle-wheels* are extended 
before the launching at Cape Canaveral, 
Florida. During take-off, and until arbilai 
height was reached, the paddles were folded 
'birdlike' beneath the satellite. They expanded 
into place through the force of springs and 
centrifugal force as Explorer IT went into 
orbit. Scientifically, this vehicle was one of the 
most valuable of the early saiellites 


out invaluable work in the early days of practical space research- 
This was all the more creditable because the telescope had been 
designed to study objects far away beyond the Solar System, and 
during its construction there had been no direct provision for 
satellite tracking. 

It would be both tedious and unnecessary to list the details of 
all the various artificial satellites which have been launched since 
the first Sputnik. Particularly notablcj however, was the American 
Taddlc-wheeP, sent up on August 13, 1959. All things considered, 
the satellites have more than justified the money and time spent 
on them. We now know far more about the upper part of the 
Earth’s atmosphere than we did a few years ago, and we also have 
a far better appreciation of conditions in what is popularly termed 
‘outer space’. 

One fact cannot be too strongly emphasized: though the 
Russian vehicles are, so far, much more massive and complex than 
the American, it would be both wrong and unjust to minimize the 
great contributions which have come from Western countries. For 
instance, it was an American satellite which first detected an 
important radiation zone round the Earth, known today as the 
Van Allen Belt. In the field of radio astronomy Britain still retains 
pride of place. The exploration of space is an international study, 
and w'e can only hope that before long all the various security 
regulations will be abandoned. Only then can scientists of all 
countries combine to make the best possible use of their knowledge. 
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PIONEER, Ascent of the American lunar 
probe on October //, ig^8 


ARTIFICIAL SATELLITES are Hot designed to go far from Earth, 
They are set in closed orbits, and can never break free to journey 
across space on their own. Yet they must lead on to true space 
probeSj and new experiments which carry our researches well 
beyond the l^l.arth-Moon system. 

In 195^ the Americans planned the hrst lunar probe, the 
Pioneer. Instead of circling the Earth it w;is designed to go right 
round the Moon, taking photographs of the mysterious hidden 
side and then sending its pictures back by means of television. The 
Moon, as we know, has what is termed a caplured rotation; 41 per 
cent of its surface is permanently turned away from us, and so 
long as we have to carry out our studies from our Earth-based 
observatories we can never have a complete knowledge of the 
lunar features. 

The Pioneer was also intended to carry out researches into the 
possibility of a magnetic field round the Moon. This is an impor¬ 
tant problem, and only direct measurements from a rocket could 
be of use in solving it. The Earth’s magnetic field may well be 


PREPARATIONS FOR I^AUNCHING 
PIONEER, J^fovember 10, Photo¬ 

graphed by C\ Rogers 
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SODIUM CLOUD FROM LUNIK 1. A 

chart of the region m the sky where the soi/ium 
cloud was observed on January 
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PHOTOGRAI^H OF THE LUNIK I 
SODIUM CLOUD* T^kis photograph was 
taken at 56m. 20sec, on January 3, 
^939, at the mountain station of the U,S.S.R. 
Academy of Sciences Observatory outside 
Kislovodsk^ by the statmi^s director^ M. J<f, 
Gnevishev. Khe faint stars surrounding the 
''artificial cornet^ are not shown on the picture 
because a special jdter was used. The position 
of the sodium cloud could be measured with 
great precision 





SIX SUCCESSIVE PHOTOGRAPHS OF 
THE SODIUM CLOUD EMITTED BY 
LUNIK It 


associated with the conditions deep inside the globe, where there 
is a high content of iron in what is thought to be a liquid condition. 
If the Moon lacks a comparable core, it may also be expected to 
lack a powerful magnetic field. 

The Americans had set themselves a difficult task. Unless the 
whole launching manoeuvre went off perfectly, the Pioneer would 
not approach the Moon closely. There was no margin for the 
slightest error, and in any case it would be hard to receive the 
televised information. There was clearly no chance of recovering 
the rocket itself. As soon as it re-entered the Earth*s atmosphere, 
it would be destroyed in the usual way. 

Pioneer 1 was launched on October ii, 1958* For a time all 
seemed to be well, but then news came that the rocket was not 
keeping to its planned course. Its starting velocity had not been 
great enough, and it travelled only part of the way to the Moon, 
After reaching an altitude of 71,000 miles it dropped back, and 
is thought to have disintegrated in the atmosphere, with its broken 
pieces falling into the Pacific Ocean. Its journey into space had 
lasted for 43 1 hours. Two more Pioneers launched before the end 
of 1958 were similarly unsuccessful. 

As with the Earth satellites, Russia accomplished what America 
had initially failed to do, and during 1959 the three Lunik rockets 
opened the second stage in man's exploration of space. 

Eunik I was launched on January 2, 1959- It was not designed 
to go round the Moon, and in this respect was less ambitious than 
the Pioneer; it was given a speed greater than escape velocity, and 
so after passing by the Moon it continued onward into space, never 
to return. Thirty-six hours after leaving its launching pad it was 
within 4,000 miles of the Moon, sending back wireless messages all 
the time, and yielding priceless information about conditions in 
those regidns of space. Subsequently it moved away from both 
Earth and Moon, so becoming a tiny artificial planet or sun- 
satellite. The last contact with it was made on January 5, 62 hours 
alter it had been launched. At that time it was 371,000 miles away 
from the Earth. 

We cannot tell where Lunik I is now. According to calculations 
it is moving round the Sun in a period of about two years, and its 
distance varies from 91 million to 120 million miles from the Sun 
itself. Its radio transmitters have of course ceased to work, and the 
chances of our finding it again are very slight, even though it may 
sometimes come within a few millions of miles of us. Yet unless 
something unexpected happens to it, it will keep in orbit indefi¬ 
nitely. Millions of years hence Lunik I will still be circling the Sun, 
looking just the same as it did when launched from Soviet Russia 
in our own time. 

Lunik II followed on September 12. This time the Russians 
meant to hit the Moon, and they were successful in doing so. 

The first reports after launching showed that everything was 
going according to schedule. A sodium cloud ejected from the 
vehicle was photographed, and signals from the Lunik were picked 
up at Jodrcll Bank and elsewhere. Scientists all over the world 
waited expectantly, and then came an announcement from 
Moscow that the rocket was due to land at 21 hours r minute 
GMT on September 13. 
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LUNIK III^ the Soviet vehicle which sent back 
the first photographs of the reverse side of the 
Moon 


The timing was almost perfect. Less than minutes after the 
predicted moment, the radio signals from Lunik II ceased, and 
there can be no doubt that the rocket had in fact hit the Moon, For 
the first time a vehicle had been sent from one world to another. 

At least the first Luniks cleared up the question of the Moon's 
magnetic field. If a field exists at all, it is extremely weak, and in 
no way comparable with that of the Earth, Neither are there any 
definite signs of lunar radiation belts similar to the Van Allen zone 
which surrounds our own world. 

On October 4, 1959, exactly two years after the ascent of 
Sputnik I, the Russians launched a still more complex vehicle 
—Lunik III. 

Swinging away from Earth, Lunik III duly passed by the Moon 
on October 6, approaching the lunar surface to within 4,400 
miles. On the following day the Russians announced that the 
far side of the Moon had been photographed. Meanwhile the 
vehicle continued to recede; it reached its greatest distance from 
Earth—292,000 miles--on October 10, and then began to 
approach once more. By October 28 it was only 25,000 miles 
away, and the photographs were sent back by means of specially- 
adapted television techniques. 

The historic pictures of the far side of the Moon were released 
on October 26, 



THE VISIBLE AND REVERSE SIDES OF 

THE MOON, Some features^ such as the 
Mare Crisium^ may be identified on both 
photographs 


The photographs had been taken when the Lunik was thou¬ 
sands of miles away—between 30,000 and 40,000 miles beyond 
the Moon - and had been automatically developed and processed 
inside the vehicle. Under such circumstances they were of amaz¬ 
ingly good quality. Various dark areas were revealed, including a 
wrll-marked plain which the Soviet authorities named the Mare 
Moscovianum (Moscow Sea), Among other features were several 
objects which seemed to be craters, as well as a long mountain 
chain or ridge. Astronomers had been right in supposing that the 
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THE REVERSE SIDE OF THE MOON. 

thirty photographs were received from Lunik III in 
October 795^, transmitted back to the Earth by com¬ 
plex television techniques. Though the photographs are 
naturally lacking in definition judged by ordinary 
standards,, they are quite good enough to be interpreted,, 
and certainly rank among the most remarkable scientific 
pictures ever obtained. Analysis of the photographs 
has been carried out by Soviet astronomers at AIoscow, 
Leningrad and other observatories, and a chart of the 
reverse hemisphere—or rather, that portion of it covered 
by the Lunik photographs—has been drawn up by T, 
N, Lipski of the Sternberg Institute, Moscow. 
Several hundreds of features are shown. It may be 
assumed that the chart is of satisfactory precision, 
though future rockets will presumably lead to more 
detailed mapping. 

The Soviet scientists have allotted names to some 
of the new features, and have followed RicciolVs old 
system of honoring eminent scientists. The names are 
extremely suitable, and are moreover international; 
there are some Russians [Tsiolkovskii, Lomonoscov); 
Britons {Clerk Maxwell); and Italians {Bruno) 


Mare Humboldtianum 


) Giordano Bruno 


/ — v-u,.c ^Maxwell 

Lomonosov 

I /Mare^® Edison 

fr'p^Marglnis ^ 

Area visible ^ 

from 
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POSITION OF LUNIK III 1>URING THE 
PHOTOGRAPHING OF THE MOOn's 

REVERSE sii>E. The Sun's rays come from 
Ike lower right, and the Earth is assumed to 
be at the upper left 



VENUS PROBE, In February Soviet 

scientists launched a rocket vehicle toward the 
orbit of Venus. It was expected that the probe 
would be at its nearest to Venus {within 
rniles) in May hut radio £on~ 

tact with it was not maintained as had been 
hoped 


far side of the Moon is basically similar to the side we have always 
known. 

The Russians followed RiccioU’s old system of naming the craters 
after famous men and women. Among the new ^personalities’ 
now honored in such a way arc Jules VernCj Lomonosov^ Clerk 
Maxwell, Giordano Bruno, Edison, and—fittingly enough— 
Tsiolkovskii, 

The next step in space research was, of course, manned flight. 
The Russians tackled the problem with great skill, and were wise 
enough not to make any attempt to rush matters. Three prototype 
space-ships were sent up in i960, I'he first of these was launched 
on May 15; it weighed 4i tons, and carried a dummy 'pilot’ as 
well as a great deal of equipment. By May 19 its planned pro¬ 
gramme had been completed, and clforts were made to bring it 
back into the atmosphere at a speed low enough to avoid excessive 
frictional heating. At this point the Russian plans went wrong; 
instead of returning, the space-ship continued circling the Earth, 
Its radio transmitter ceased to function on July 8, 

Space-ship No, 2, launched on August ig, was of much the 
same size, but carried two live dogs—Strelka and Bcika—as well 
as other, smaller creatures. The vehicle orbited the Earth eighteen 
times, covering a total of over 430,000 miles, and was then 
brought safely down, (Belka, incidentally, has since had a litter 
of six puppies!) 'Ehis was in itself a great achievement; it meant 
that the Russians had solved the problem of re-entering the atm<> 
sphere. Yet mistakes could still occur, and the third space-ship, 
sent up on December i, was a partial failure. Instead of remaining 
under control, it departed from its calculated path, and was burned 
up in the atmosphere. 

Progress was fully maintained in the first part of 1961, On 
February 4 the Russians sent up Sputnik IV, which weighed over 
six tons; the main idea was to study problems in connection with 
the launching of really heavy vehicles, and there was no attempt 
at a controlled landing. Then, eight days later, came the famous 
Venus Probe, 

This was not a new departure, since the Americans had already 
sent out a smaller vehicle toward Venus, but it held out great 
promise. The launching was successful, and the orbit appeared to 
be very much as planned, but most unfortunately radio contact 
was lost after the end of the month. 

The last signals were received on February 27. Probably the 
vehicle continued on its set path, and passed within 70,000 miles 
of Venus in mid-May, but it is impossible to be certain. Just why 
the radio failed is not known. It may have been the result of a 
simple power fault; it is also possible that a meteor hit was res¬ 
ponsible. In June, 1961, radio astronomers at Jodrcil Bank 
together with the Russian scientists, made renewed efforts to 
contact the vehicle. Some unidentified signals were received, but 
on the whole it seems unlikely that these came from the Venus 
Probe, 

Then, after two more satellite launchings and successful land¬ 
ings—one on March g, the other on March 25—came the greatest 
Soviet triumph to date. On April 12, Major Yuri Gagarin, in the 
space-ship Vosiok, orbited the Earth at a distance ranging between 
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ANOTHER PMOTOaRAPH OF THE 
moon’s reverse side, obtmnefi by 
iMnik IIL The fealures shown include the 
Ala re Crisittm and ihe Alare Aloscomanum 



MAJOR YURI CACxARiN * The fast Space- 
traveller^ Major Yuri Gagarin^ made his 
pioneer Jfighl on April 12^ J96V and or tiled 
the Earth in Ihe vehicle Voslok, landing 
safely in the prearranged position, lie 
suffered no ill-effects from his fight ^ and the 
whole experimenl was a complete success 




108 and 188 mileSj and came down safely* He experienced weight- 
IcssnesSj he saw the Earth from beyond the atrnospfierCj and he 
had the honor of being mankind’s first space-traveller* At dawn 
on April 12^ he was unknown except to his friends and colleagues; 
by sunset he had been assured of a permanent place in history. 

No praise can be too high for the Russian scientists, whose 
achievements had been brilliant indeed. Yet space research was 
being carried out in the United States also, and the flight of the 
Vostok was followed by the famous ‘hop into space* by Com¬ 
mander Alan Shepard, from Cape Canaveral. Unlike Gagarin, 
Shepard did not orbit the Earth, and his flight was relatively brief, 
but the experiment-—watched by all America on television, and 
heard by other countries on the radio—was a complete success. 
It showed that the United States programme was well under way* 
Progress is now so rapid that it is dangerous to make forecasts 
as to what is likely to happen next* Yet it is perhaps fitting to end 
this book with the first space-flights; they so obviously mark the 
end of one era and the beginning of another. The way to the 
planets is open, if only we use our scientific knowledge in the 
proper way. Nobtxly can deny that we are living in the most 
exciting period in all hbtory. 


COMMANDER ALAN SHEPARD. The figkl of the 
Vostok was followed by the successful ascent of 
Commander Alan Shepard^ Cape Canaueral, 

Florida, Unlike Major Gagarin^ Commander Shepard 
did not orbit the Earth; his fight was relatively briffl 
but it too was completely successful. The experiment 
was shown on ielevisiony and a running commenla^ 
given on sound radio was heard by Osieners all over the 
world 





conclusion 


WE HAVE SURVEYED the history of astronomy from its dim 
beginnings up to modem times. Much has been left out, but 
perhaps enough has been said to show that the tale is indeed a 
wonderful one. 

Two thousand years ago the Earth was believed to be all- 
important, and to he in the very centre of the universe. Even 400 
years ago, scientists who taught otherwise did so at the peril of 
their lives. We are wiser now, in this respect at least. We have 
found that our world is no more important in the cosmos than a 
single drop of water in the Atlantic; we know that even the Sun 
is a very junior member of the Galaxy, and that the Galaxy itself 
is only one among thousands of millions. We have studied star- 
systems so remote that their light started on its journey towards us 
before life on Earth began; we have picked up radio waves across 
vast stretches of space, and we have even sent our messengers to 
begin the direct exploration of the Solar System. 

If we use our knowledge in the right way, there is no limit to 
what we can do. Yet we should never forget that we owe every¬ 
thing to those who came before us. Aristarchus . . . Ptolemy . . . 
Tycho Brahe ... Kepler ... Newton . .. Herschel... Tsiolkovskii 
. . . Jansky. . . . What would Tycho for instance, have thought 
about the Palomar reflector, the Jodrell Bank ‘dish’, and the 
Russian Luniks? Yet Tycho lived less than four centuries ago. 
Four centuries hence, men may look back at the pioneers of to¬ 
day, and say the same of them. 

The story of astronomy is not over. Indeed, it may only just be 
starting. 



landmarks in the story of astronomy 


B.C. {All dates rather uncertain) 

2000 Constellations first drawn up by 
the old star-watchers. 

580 Pythagoras speculates as to the 
motion of the Earth and planets. 
280 Aristarchus suggests that the Earth 
moves round the Sun. 

270 Eratosthenes measures the size of 
the Earth. 

130 Hipparchus draws up his star 
catalogue. 

A.D. 

140 Ptolemy writes his Almagest. 

813 A 1 Mamon founds the Baghdad 
school of astronomy, and has the 
Almagest translated into Arabic. 
903 Al-Sufi draws up his star catalogue. 
1054 Supernova in Taurus recorded by 
Chinese astronomers. 

1270 Alphonsine Tables published by 
order of Alphonso X of Castile. 
1433 Ulugh Bcigh sets up an observatory 
at Samarkand. 

1440 Nikolaus Krebs (Nicholas of Cusa) 
speculates about the motion of 
the Earth. 

1474 Regiomontanus suggests the ‘lunar 
distances’ method of determining 
longitude. 

1543 Copernicus’ De Revolutionibus Orbium 
Ccelestium published. 

* 57 * Tycho Brahe observes a supernova 
in Cassiopeia. 

1576 Tycho founds the observatory at 
Uraniborg. 

1596 Tycho leaves Denmark; Uraniborg 
abandoned. 

1595 Mira Ceti observed by David 
Fabric ius. 

1600 Giordano Bruno burned at the 
stake. 

1603 Publication of Johann Bayer’s star 

catalogue, Uranometria. 

1604 Kepler’s supernova in Ophiuchus, 

1608 Lippershey develops the telescope. 

1609 Galileo first uses the telescope for 

astronomical purposes. 

First two of Kepler’s Laws of 
Planetary Motion published. 

1611 Sunspots observed by Galileo, 

Scheiner and Johann Fabricius. 

1612 The Orion Nebula first reported by 

N. Peiresc. 

1618 Kepler’s Third Law published. 
1627 Kepler publishes the Rudolphine 
Tables. 

1631 Transit of Mercury, predicted by 

Kepler, observed by Gassendi. 

1632 Publication of Galileo’s Dialogue. 
*633 Galileo summoned before the In¬ 
quisition at Rome, and forced to 
recant. 

1638 Variability of Mira Ceti discovered 
by Phocylides Holwarda. 

*®39 Jeremiah Horrocks observes the 
transit of Venus. 


1647 Publication of Hevelius’ map of the 
Moon. 

1651 Publication of Riccioli’s map of the 
Moon. 

1655 Huygens discovers Titan, the largest 

satellite of Saturn, and also 
the true nature of Saturn’s 
rings. 

1656 Founding of the Copenhagen Ob¬ 

servatory. 

1659 Markings on Mars first seen by 
Huygens. 

1663 Principle of the reflecting telescope 
put forward by James Gregory. 

1665 Newton’s experiments on light and 

gravitation, at Woolsthorpc. 

1666 Polar caps on Mars observed by 

G. D. Cassini. 

1668 Newton builds the first reflecting 

telescope. 

1669 Variability of Algol discovered by 

Montanari. 

1671 Paris Observatory founded. 

G. D. Cassini discovers lapetus, the 
eighth satellite of Saturn. 

*675 Greenwich Observatory founded. 
G. D. Cassini discovers the main 
division in Saturn’s rings. 

O. Romcr measures the velocity of 
light. 

1676 Halley goes to St. Helena to cata¬ 
logue the southern stars. 

1683 Cassini observes the Zodiacal Light. 
1687 Publication of Newton’s Principia. 

1704 Publication of Newton’s Opiicks. 

1705 Halley predicts the return of 

Halley’s Comet for 1758. 

1725 Publication of the final version of 
f'lamsteed’s star catalogue. 

1728 James Bradley discovers the aber¬ 

ration of light. 

1729 Chester More Hall discovers the 

principle of the achromatic re¬ 
fractor. 

1744 Appearance of Cheseaux’ six-tailed 
comet. 

1750 Lacaille, at the Cape, catalogues 
10,000 stars. 

1750 Thomas Wright speculates as to the 
origin of the Solar System. 

1758 Palitzsch discovers Halley’s Comet 
at its predicted return. 

Dollond rediscovers the principle 
of the achromatic refractor. 

1761 Transit of Venus observed. Atmo¬ 

sphere of Venus discovered by 
Lomonosov. 

1762 Completion of Bradley’s measures 

of the positions of 60,000 stars. 
1767 Nevil Maskelyne founds the Nautical 
Almanac. 

17*9 Transit of Venus observed. Mea¬ 
sures made of the distance be¬ 
tween the Earth and the Sun. 
1772 Bode’s Law publicized by Johann 
Bode. 

*774 First recorded astronomical obser¬ 
vation of William Herschel. 


1776 Lunar map published by Tobias 
Mayer. 

*779 Johann Schroter founds his obser¬ 
vatory at Lilicnthal. 

1781 Publication of Messier’s catalogue 
of star-clusters and nebulae. 

1781 Herschel discovers Uranus. 

1783 Goodricke puts forward his theory 
of the variability of Algol. 

*784 Goodricke discovers the variability 
of Delta Cephei. 

1786 Herschel puts forward his ‘disk’ 
theory of the shape of the Galaxy. 
1789 Completion of Herschel’s 40-foot 
reflector. 

1796 Publication of Laplace’s Nebular 
Hypothesis, 

1801 Piazzi discovers Geres, first of the 

minor planets. 

Publication of Lalandc’s catalogue 
of 47,380 stars. 

1802 Herschel announces the discovery 

of binary star systems. 

Wollaston observes dark lines in the 
solar spectrum. 

1803 Fall of meteorites at L’Aigle. 

Nature of meteorites established. 
1811 Olbcrs puts forward his theory of 
comet-tails. 

1813 Destruction of Schroter’s observa¬ 
tory at Lilicnthal. 

1815 Fraunhofer studies the dark lines in 
the spectrum of the Sun. 

1818 Encke’s Comet discovered by Pons; 

return predicted by Encke. 

1819 Bessel completes the reduction of 

Bradley’s observations of 5,000 
stars. 

1824 Erection of Fraunhofer’s ‘Great 
Dorpat Refractor’. 

1826 Discovery of Biela’s Comet, inde¬ 
pendently by Biela and Gambart. 
*832 John Herschel begins his observa¬ 
tions of the southern stars, at the 
Gape. 

*833 Great meteor shower (the Leonids). 
1834 Bessel discovers the irregularity of 
the proper motion of Sirius, and 
attributes it to the presence of a 
binary companion. 

1837 Publication of Beer and Madler’s 

Der Mond, together with the 
first really accurate map of the 
Moon. 

1838 Bessel measures the distance of a 

star (61 Cygni). 

1840 Draper takes the first photograph 
of the Moon. 

1842 Announcement, by G. Doppler, of 

Doppler’s Principle. 

1843 Sunspot cycle discovered by H. 

Schwabe. 

1845 Completion of Lord Rosse’s 72- 
inch reflector at Birr Castle. 
Hencke discovers the fifth minor 
planet, Astraea. 

Sun photographs taken by Fizeau 
and Foucault. 
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1845 Breaking-up of Bicla’s Comet ob- 

served. 

1846 Discovery of Neptune by Adams 

and Le Verrier. 

1847 15-inch refractor set up at Cam¬ 

bridge, Massachusetts, U.S.A. 

1848 Poche proves that Saturn’s rings 

cannot be solid (Roche’s Limit). 
1850 Crepe Ring of Saturn discovered 
by Bond. 

1854 T he Gcgenschein discovered by the 
Danish astronomer T. Brorsen. 
1858 Appearance of Donali’s Comet. 
*859 Kirchhoff interprets the dark lines 
in the spectra of the Sun and 
stars. 

1861 Announcement of Sporer’s law of 

sunspots. 

1862 Sirius B discovered by Clark, in the 

position forecast by Bessel. 

1863 Secchi first classifies the stars into 

special types. 

Huggins identifies elements in the 
spectra of Betclgeux and Alde- 
baran. 

1864 Huggins proves the gaseous nature 

of the irresolvable nebular. 

1865 Publication of Jules Verne’s story 

From the Earth to the Moon. 

1867 Wolf-Rayet stars first described by 

G. Wolf and G. A. Rayet. 

1868 Solar prominences observed by 

Jansen and Lockyer, without 
waiting for an eclipse. 

Angstrom publishes an accurate 
map of the solar spectrum. 

1872 The Bieliid meteor shower. 

1874 Founding of the Observatory at 
Meudon (France). 

Transit of Venus observed. Astro¬ 
nomical unit re-measured. 

1877 Schiaparelli describes the Martian 

canals, and A. Hall discovers 
Phobos and Deimos. 

1878 Publication ofJulius Schmidt’s map 

of the Moon. 

The Great Red Spot on Jupiter 
becomes very conspicuous. 

1882 Transit of Venus. New measures of 
the astronomical unit. 

1890 Announcement of Lockyer’s theory 

of stellar evolution. 

E. C. Pickering gives a more detailed 
classification of stellar spectra. 

H. Vogel establishes the existence 
of spectroscopic binaries. 

1891 The spectroheliograph invented by 

Hale, and independently by 
Deslandres. 

1894 Flagstaff Observatory, in Arizona, 
founded by Percival Lowell. 


*896 33-inch refractor erected at Meu¬ 
don. 

1897 Yerkes Observatory opened. 

1900 Lebedev establishes the reality of 

light-pressure. 

New theory of the origin of the 
Solar System put forward by 
Chamberlin and Moulton. 

1901 Appearance of Nova Persei, 

1903 Publication of Tsiolkovskii’s first 
paper on astronautics. 

1905 Mount Wilson Observatory 
founded. 

1908 E, Hertzsprung describes giant and 
dwarf stars. 

1908 The 60-inch reflector erected at 
Mount Wilson. 

Fall of the Siberian Meteorite. 

1912 Miss Leavitt’s studies of Cepheids 

lead to the discovery of the 
Period-Luminosity Law. 

1913 H. N. Russell puts forward his 

theory of stellar evolution. 

1914 Cepheid pulsation studied by H. 

Shapley, 

Goddard begins practical experi¬ 
ments with rockets. 

*915 W. S, Adams studies the spectrum 
of Sirius B, which leads to the dis¬ 
covery of White Dwarf stars. 

1917 Completion of the loo-inch Hooker 

reflector at Mount Wilson. 

1918 Shapley’s studies leading to the first 

accurate idea of the shape of the 
Galaxy. 

1919 Important catalogue of dark nebu¬ 
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